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Fic. 7. A clean dissection of the gastric bed has been performed with en bloc removal of the 
lymphatic pathways. For description, see text. 


An Embroyologic and Anatomic Approach to the Treatment of Gastric Cancer.—Joseph A. Visalli and Orville F. Grimes 
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AN EMBRYOLOGIC AND ANATOMIC APPROACH ‘TO 
THE TREATMENT OF GASTRIC CANCER 


JOSEPH A. VISALLI, M.D., and ORVILLE F. GRIMES, M.D., F.A.C.S., 


San Francisco, California 


DESPITE ALL THE RECENT ADVANCES in the 
field of surgical endeavor, the management 
of gastric cancer continues to be a formidable 
problem. Not only are many patients beyond 
the scope of surgical cure when first seen but 
the recurrence rate in cases operated upon is 
high. 

As in carcinomas elsewhere the cure 
rate of published series varies directly with 
the presence or absence of lymph node me- 
tastases. Shahon and associates stated that in 
their series ‘‘the presence or absence of lymph 
node metastases had a fourfold greater effect 
upon survival than in those patients found to 
be lymph node negative. Forty-four per cent 
of lymph node negative cases survived five or 
more years after gastric resection, as com- 
pared with only 11.4 per cent of lymph node 
positive cases.’’ Unfortunately, most victims 
of this disease are found at operation to have 
lymph node metastases. Thus, if there is to be 
any improvement in the results of operative 
treatment of gastric cancer, a more effective 
wa\ of dealing with the lymphatics of the 
storach must be practiced. 


From the Department of Surgery, University of California 
Scho || of Medicine, San Francisco. 


The poor results of surgical treatment of 
gastric carcinoma have often been attributed 
to the relative inaccessibility of the lymph 
node drainage areas of the stomach. Because 
of the embryologic rearrangements, the 
lymph nodes draining the stomach are 
largely retroperitoneal and _ inextricably 
bound to the pancreas and to the celiac and 
superior mesenteric axes deep in the stomach 
bed. Anatomically, it is impossible to remove 
these lymphatic pathways en bloc in con- 


junction with a conventional subtotal resec- 


tion or total gastrectomy. To do so, it is 
necessary torestore the primitive gastric mes- 
enteries with their contained blood and 
lymph vessels and to excise them completely. 
This objective necessitates removal of the 
spleen and resection of a part or all of the 
pancreas. 

A similar anatomic feature has been rec- 
ognized and put to practical use for many 
years in the surgical treatment of malignant 
lesions of the colon. It is usual practice, in 
removing cancer of the colon, to redevelop 
the mesentery and include it with its lymph 
nodes and blood vessels to their origin from 
the superior or inferior mesenteric artery in 
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Fic. 1. Lymphatics of the upper abdomen: particularly 
those of the stomach. (The stomach has been turned up.) 
(From: Grant, J. C. B.) (3). 


Main superior 
mesenteric gland 


a block excision. Wangensteen (8) even ad- 
vocates the extreme measure of total or near 
total colectomy for cancer of the colon in rec- 
ognition of this fundamental principle of 
cancer surgery. 

For various reasons surgical techniques for 
excising gastric cancers have evolved with 
less regard for what may be termed the “‘path- 
ologic anatomy”’ of the stomach. Many of 
the operations performed for cancer of the 
stomach are but slight modifications of the 
subtotal gastrectomy commonly carried out 
for peptic ulcer. Usually the gastric omenta 
and sometimes the spleen are included in the 
resection. Lip service is universally given to 
“careful dissection of the left gastric nodes,”’ 


Lesser 


Gastro-splenic 
omentum 


omentum 
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ligament 
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Area which is 
removed at operation 


Bile duct 


Fic.2. Sagittal section of abdomen to show primitive 
dorsal and ventral mesogastria. The shaded area repre- 
sents the minimum area which must be removed if en 
bloc resection of the stomach and its lymphatics is to be 
achieved. For further description, see text. (Redrawn and 
modified from: Grant, J. C. B.) (3). 





but in reality this is not anatomically possible 
by utilizing the techniques described. ‘lhe 
fact is that in removing the stomach without 
at least the body and tail of the pancreas, the 
surgeon is cutting across the gastric mesen- 
tery and leaving lymph nodes that are theo- 
retically and often actually involved. This 
statement is supported by the following con- 
siderations of the embryology and anatomy 
of the stomach. 


ANATOMIC CONSIDERATIONS 


The lymph nodes draining the stomach 
are shown in Figure 1. The upper half of the 
stomach drains primarily into the left gastric 
and splenic nodes, and thence into the left, 
middle, and right suprapancreatic nodes. 
The flow of lymph from the antral and py- 
loric end of the stomach is primarily into the 
left gastric, right gastric (“‘suprapyloric”’), 
right gastroepiploic, the subpyloric nodes 
around the gastroduodenal artery, and the 
main superior mesenteric nodes. This classic 
concept of different primary areas of lymph 
node drainage from the upper and lower 
ends of the stomach is supported by experi- 
mental studies conducted in our laboratory 
wherein vital staining of the gastric nodes 
was accomplished by injecting a dye into 
various areas of the normal stomach. It 
should be noted that the lymphatics from 
both the antral and fundal ends of the stom- 
ach drain primarily into the left gastric 
nodes. This fact is of prime importance in 
planning an operation designed to eradicate 
gastric cancer. It is also important to realize 
from the standpoint of operative planning 
that the left gastric and the suprapancreatic 
nodes can be excised only by including the 
body and tail of the pancreas in a block re- 
section with the gastric lesion since the p:n- 
creas is actually within the mesentery of the 
stomach. 

A review of the embryologic rotation of ‘he 
foregut will serve to establish the truth of this 
concept. 

The embryologic arrangement of the \ip- 
per abdominal viscera prior to rotation is il- 
lustrated diagrammatically in Figure 2. ‘] he 
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Fic. 3. Transverse section of abdomen of embryo at 
level of broken line, Figure 2. For further description, see 
the text. (Redrawn and modified from: Grant, J. C. B.) 
(3). 


still straight stomach is suspended from the 
posterior abdominal wall in the midline, sup- 
ported by its dorsal mesogastrium. In the 
latter, the body and tail of the pancreas and 
the spleen are developing. Anteriorly, the 
stomach is supported by the ventral meso- 
gastrium, the latter being subdivided by the 
liver into a falciform ligament and the so- 
called ‘‘lesser omentum.” Similarly, the 
spleen divides the dorsal mesogastrium into 
the more familiarly termed “‘gastrosplenic 
omentum” and the “‘lienorenal ligament.” 
At this stage of development, as has been ob- 
served by Grant, the latter is more correctly 
termed the “‘lieno-aortic ligament.” 

A cross section of Figure 2, through the 
level of the broken line, is illustrated in Fig- 
ure 3, Again, the straight foregut is seen sus- 
pended from the posterior midline prior to 
rotation; the arrows indicate the directions 
in which the various viscera will move. At 
this stage, it is clear that the spleen and pan- 
creas lie within the gastric mesentery. If this 
arrangement persisted into adulthood, cur- 
rent concepts of cancer surgery would re- 
quire ligation of the celiac axis at its origin 
from the aorta in operations for carcinoma 
of the stomach. This principle requires some 
slight modification, of course, because of the 
orizin of the hepatic artery from this trunk. 

Figure 4 illustrates how the rapid enlarge- 
merit of the fetal liver has forced the stomach 
anc spleen to the left side of the abdomen, 
an the pancreas has been flattened against 
the aorta and posterior abdominal wall. The 
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Fic. 4. A later stage than Figure 3. Partial absorption 
of dorsal mesogastrium. The unabsorbed part is the lieno- 
renal ligament. (Redrawn and modified from: Grant, 
Jj. C.K) ©). 


epithelium lining the opposed peritoneal sur- 
faces is absorbed, leaving two areolar layers 
free to adhere to each other between the me- 
dian plane and the front of the kidney. In 
view of this new attachment, the “‘lieno- 
aortic ligament” becomes the lienorenal liga- 
ment. This, then, constitutes an embryologic 
fusion plane, between the layers of which 
there is no structural continuity. To free or 
mobilize the spleen and body of the pancreas, 
the area indicated by the dotted line in Fig- 
ure 4 may be opened up, and the primitive 
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Fic. 5. A, Before rotation: The rudiments of the liver and 
pancreas arise as outpouchings of the duodenum into the 
ventral and dorsal mesogastria. B, After rotation: The 
two rudiments of the pancreas close on the portal vein 
(or superior mesenteric vessels) like a book on a book 
mark. C, The blood supply to the head of the pancreas is 
via the pancreaticoduodenal artery; the body and tail are 
supplied by branches from the splenic artery. (Redrawn 
and modified from: Grant, J. C. B.) (3). 
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Fic. 6. Exposure of the operative field obtained by use 
of the thoracoabdominal incision. 


dorsal gastric mesentery may then be com- 
pletely restored without damage to the major 
vessels or to any other structure. 

Figure 5 illustrates how the rudiments of 
the liver and pancreas arise as outpouchings 
of the duodenum into the ventral and dorsal 
mesogastria. It may be seen (Fig. 5 A, B) 
that the head of the pancreas arises from the 
anterior wall of the duodenum in conjunc- 
tion with the biliary tree, while the pancre- 
atic body projects from the posterior wall 
into the dorsal mesogastrium. Following ro- 
tation, the two rudiments of the pancreas 
close on the superior mesenteric axis “‘like 
leaves of a book on a book-mark,”’ with the 
head coming to lie posterior and the body 
anterior to these vessels. These two rudi- 
ments soon fuse, but evidences of their di- 
verse origin persist in the adult (Fig. 5C). 
Although the pancreatic secretions in the hu- 
man ordinarily drain into the intestine 
through the duct of the pancreatic head 
(duct of Wirsung), the embryologic duct 
opening of the body of the pancreas often re- 
mains (as the duct of Santorini). The main 
blood supply of the two parts of the pancre- 
atic gland likewise remains distinct, the head 
being supplied through the pancreaticoduo- 
denal arteries and the body largely by small 
branches from the splenic artery. Thus, in 
en bloc removal of the body and tail of the 
pancreas, together with the left gastric and 


suprapancreatic glands, the gland should be 
divided exactly at the junction of the body 
and head. This procedure leaves a surpris- 
ingly small amount of pancreas, although 
sufficient for adequate exocrine and endo- 
crine function. A block excision of the su- 
perior mesenteric nodes with the specimen is 
possible, and the subpyloric nodes can also be 
removed en bloc if a total gastrectomy is per- 
formed. 

In this article consideration is given to the 
application of these principles to patients 
with fundal cancer, since most of our expe- 
rience with the type of operation to be de- 
scribed has been with these high gastric 
lesions. The operation has been previously 
discussed, but the rationale for employing it 
needs to be further emphasized. Experience 
has shown that it is possible to accomplish en 
bloc resection in accordance with these ana- 
tomic principles with a favorable mortality 
and morbidity rate. A similar plan for surgi- 
cal attack on antral and diffuse infiltrating 
(linitis plastica) lesions has been formulated 
and has been given limited clinical trial. ‘The 
immediate results have been encouraging, 
but the number of cases is not yet sufficient 
to warrant definite conclusions. In lesions of 
the distal stomach, the problems are more 
formidable because of the presence of the 
hepatic pedicle in the area, and a true block 
resection is more difficult to accomplish. This 
particular aspect of the problem has been 
discussed by Harvey and more recently by 
Arhelger and associates. 


OPERATIVE TECHNIQUE 


In essence, the operation consists of a block 
excision of the distal portion of the esopha- 
gus, the proximal two-thirds of the stomach, 
the spleen, the body and tail of the pancreas, 
and the left half of the greater omentum [o- 
gether with the regional lymphatics and 
nodes. 

The patient is placed on his right side in 
the three-quarters lateral position and is sup- 
ported with sandbags placed beneath the 
left shoulder and hip. The incision is beg::n 
an inch below the right costal margin, at @))- 
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Fic. 8. The pancreas has been sectioned between the body and head, and the gastric remnant is 
being used as a handle to facilitate dissection of the subpyloric nodes. 


proximately the midpoint of the right rectus 
muscle, and is continued obliquely upward 
and to the left, to meet the left seventh inter- 
costal space. The abdominal cavity is opened 
anc explored to determine operability of the 
gasiric lesion. If resection is possible, the left 
cosial arch is divided in the seventh inter- 
cosial space, and the incision is extended 
along the seventh interspace to the posterior 
axi'lary line. As the incision is opened, the 


diaphragm is divided toward the esophageal 
hiatus for a distance consistent with opti- 
mum exposure. The esophageal hiatus is not 
entered. A large rib spreader is placed across 
the divided costal arch and the intercostal 
muscles are divided as far posteriorly as re- 
quired without extending the skin incision. 
The exposure which is obtained through 
the application of this approach is illus- 
trated in Figure 6. 
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Fic. 9. Anastomosis has been completed and a Ram- 
stedt pyloroplasty has been performed. 


Mobilization of the lesion is begun by in- 
cising the lienorenal ligament, allowing the 
spleen to be rotated medially. The embryo- 
logic fusion plane posterior to the pancreas is 
entered and opened by gentle blunt dissec- 
tion. This dissection is carried to the point 
where the inferior mesenteric vein crosses 
behind the pancreas to join the splenic 
and superior mesenteric veins to form the 
portal vein. The greater omentum is taken 
off the left half of the colon by incising its 
filmy attachment to the large intestine. 

The en bloc dissection which proceeds 
from superiorly downward is then begun by 
incising the peritoneum overlying the cardio- 
esophageal junction. Both vagus nerves are 
divided, allowing approximately 2 inches of 
esophagus to be drawn down into the abdo- 
men. If there are no palpably enlarged 
lymph nodes above the diaphragm, the crura 
of the diaphragm are not divided; but if the 
the supradiaphragmatic lymphatics are in- 
volved, the dissection can be extended to be- 
gin at the level of the inferior pulmonary 
vein. The lymphatic and areolar tissue over- 
lying the diaphragmatic crura is dissected 
cleanly downward as the lesser omentum is 
divided flush with the liver hilus. The left 





gastric artery is ligated exactly at its origin 
from the celiac axis. The splenic artery is 
then easily identified and similarly ligated at 
its origin. The splenic vein is ligated just 
proximal to its confluence with the portal 
vein (Fig. 7). The pancreas is divided and 
repaired at the junction of its body and head. 

The entire specimen is then lifted out of 
the wound, taking care to preserve the right 
gastroepiploic and gastric arteries, and the 
stomach is divided at the junction of the 
body and antrum. The subpyloric and right 
suprapancreatic nodes overlying the gastro- 
duodenal artery and pancreatic head, as 
well as the main superior mesenteric nodes 
may be readily removed, since the portal 
vein and superior mesenteric artery now lie 
completely exposed (Fig. 8). 

The lateral duodenal peritoneal reflection 
is incised and the duodenum is mobilized to- 
ward the midline so that the anastomosis be- 
tween the esophagus and gastric antrum may 
be done without tension. The opening in the 
antrum of the remainder of the stomach is 
repaired. A separate stab incision is made in 
the anterior wall of the antrum just distal to 
the repaired end, and an anastomosis is made 
to the end of the esophagus. No attempt is 
made to fix the anastomosis below the dia- 
phragm. It remains where it lies following 
retraction of the esophagus, usually within 
the esophageal hiatus. A Ramstedt or Hei- 
necke-Mikulicz pyloroplasty is then per- 
formed (Fig. 9). The Chaffin air-vent suction 
drainage of the pancreatic bed, as described 
by Wangensteen (7), may possibly be em- 
ployed advantageously. 

Figures 10 and 11, preoperative and post- 
operative films of a patient in our series, il- 
lustrate the type of lesion for which this pro- 
cedure has been carried out. 


DISCUSSION 


Within the past year 10 patients with 
fundal cancer have been operated upon ac- 
cording to this technique at the University of 
California Hospital. There have been 110 
operative deaths, although 3 patients died of 
complications of the operative procedure. 
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Fic. 10. Preoperative x-ray showing large filling defect 
in the fundus. 


One patient succumbed after empyema com- 
plicated a leak at the esophagogastric anas- 
tomosis. Another died of a sudden pulmo- 
nary embolus a month following operation 
after a smooth postoperative course. The 
third had severe dysphagia and died from in- 
anition. The only other noteworthy compli- 
cation was the occurrence in 1 patient during 
the first week following operation of massive 
ascites associated with a severe ileus, which 
cleared with conservative measures. This 
complication resulted, presumably, from a 
leak from the divided end of the pancreas. 
Similar complications have been noted by 
McNeer and Pack. The remainder of the pa- 
tients had an entirely uneventful convales- 
cence and have remained clinically well for 
periods up to a year despite the fact that 
several of the patients are 70 years of age 
or older. 

\Ve have been impressed by the ease with 
wh ch a block resection can be accomplished 
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Fic 11. Postoperative gastrointestinal series showing 
size of residual antral pouch. 


through normal tissue planes despite the 
presence of extremely large, invasive tumors 
by employing embryologic tissue planes. In 
some cases there was direct invasion of the 
pancreas through the posterior wall of the 
stomach, and these tumors were removed 
without difficulty. Brunschwig has discussed 
this aspect of the problem and has reported 
several 5 year survivals following resection of 
gastric cancer with pancreatic invasion. Util- 
ization of the retropancreatic embryologic 
fusion plane for dissection will allow resec- 
tion of many lesions heretofore considered 
inoperable and the number of truly pallia- 
tive resections will increase. Although many 
of these operations were performed for palli- 
ation only, it is believed that the procedure 
is based on sound anatomic and physiologic 
principles which are in keeping with cur- 
rent concepts of cancer surgery and that it is 
equally applicable to lesions which are 
potentially curable. 





SUMMARY 

1. Improvement in the results of surgical 
treatment for cancer of the stomach depends 
upon the development of safe techniques for 
more complete excision of the primary lesion 
and its lymphatic drainage area. 

2. From embryologic and anatomic con- 
siderations, it appears necessary to restore 
the primitive gastric mesentery with its con- 
tained spleen, pancreas, blood vessels, and 
lymphatics in order to perform an effective 
block excision of carcinoma of the stomach. 

3. Based on this principle, a technique for 
more complete removal of neoplasms of the 
proximal third of the stomach is described. 

4. Gastric neoplasms involving the pan- 
creas by direct extension can be removed 
with a minimum of surgical trauma and such 
removal is both indicated and logical. It is 
intimated that as experience increases with 
this procedure it should be used for treat- 
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ment of less formidable, but no less maiig- 
nant, lesions. 
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EXPERIENCES WITH THE TREATMENT OF ACUTELY 


MASSIVELY BLEEDING PEPTIC ULCER BY BLOOD 
REPLACEMENT AND GASTRIC RESECTION 


JOHN D. STEWART, M.D., F.A.C.S., JAMES H. COSGRIFF, M.D., and 


JAMES G. GRAY, M.D., Buffalo, New York 


SINCE JANUARY 1947, we have treated acute- 
ly massively bleeding peptic ulcer by imme- 
diate blood replacement and early gastric 
resection. ‘The criteria used in selecting these 
cases have been previously described (2) and 
are as follows: (a) gross bleeding into the 
upper gastrointestinal tract within a week; 
(b) a measured total red cell mass of less 
than 60 per cent of expected normal; and 
(c) reasonably good clinical evidence for the 
diagnosis. Patients not meeting these criteria 
were treated supportively, unless bleeding 
continued or recurred and the criteria were 
met. Diagnostic studies, including blood vol- 
ume measurements with the use of the T-1824 
method, were carried out immediately after 
admission. Studies to exclude coagulation 
defect and primary blood diseases were part 
of the routine, and upper gastrointestinal 
x-ray study was usually done unless the pa- 
tient was vomiting blood or in shock. Ap- 
proximately two-thirds of the operations 
were done by members of the surgical resi- 
dent staff. Severe associated disease has not 
been a deterrent to this method of treatment 
unless the patient was moribund from such 
disease. It seems to us that conditions which 
lower the patient’s physiologic reserve make 
him less able to withstand the ravages of 
hemorrhage and create an even more com- 
pelling indication for surgical intervention. 

From January 1947 to August 1955, the 
period covered by this report, 193 patients 
hay: been treated under this program. There 


Fron the Department of Surgery, Edward J. Meyer Memo- 
tial !iospital and the University of Buffalo Medical School, 
Buffs », New York. 


were 196 operations performed, for 3 of the 
patients were operated upon twice, as will be 
described later. 

As shown in Table I, chronic duodenal 
ulcer, penetrating in nature, was the com- 
monest lesion, while chronic gastric ulcer 
was second in frequency. Shallow ulcer as- 
sociated with brief or nondescript history of 
ulcer dyspepsia was a not uncommon find- 
ing and comprised approximately 20 per 
cent of the gastric lesions. In 21 patients the 
site of bleeding was not satisfactorily deter- 
mined at operation, and these patients make 
up a particularly interesting and rather puz- 
zling group. Nineteen of these patients had 
gastric resection carried out and no definite 
lesion was found in the specimen. It is prob- 
able that some of these patients had low duo- 
denal ulcer, high gastric ulcer, or diffuse 
gastritis; but adequate evidence for diagnosis 
was never obtained. This deficiency illus- 
trates the difficulty in diagnosis, as well as 
the need for skill and care at the operating 
table when dealing with upper gastrointes- 
tinal bleeding. 

The fact that this was an older group of 
patients is brought out in Table II. The 
youngest patient was 20, the oldest 89, and 
4 patients were over 80. The average age of 
the 193 patients was 57.2 years; and 35, or 
18 per cent, were over the age of 70. Among 
the 65 patients under the age of 50 years, 
there were only 2 deaths. This finding can 
probably be ascribed to the much lower in- 
cidence of serious cardiovascular disease in 
the younger patients. The postoperative mor- 
tality rate, from all causes, in the 128 pa- 
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TABLE I.—SITE OF PEPTIC ULCER IN 193 PATIENTS 
HAVING 196 OPERATIONS FOR ACUTE MASSIVE 
HEMORRHAGE 


No. of patients Deaths 

Duodenal ulcer, acute. . . irae ha 3 0 
Duodenal ulcer, chronic 81 7 
Gastric ulcer, acute..... ; ; 11 4 
Gastric ulcer, chronic... . oe 60 9 
Stomal ulcer...... : ; 8 1 
Gastric and duodenal... ; ’ ‘ 9 2 
Site undetermined. . . arte ae 21 2 

Se os 193 25 


tients over the age of 50 years was almost 
18 per cent, as contrasted with 3 per cent 
for those under the age of 50. 

In Table III are shown data indicating 
the prevalence and severity of associated dis- 
eases in the 168 patients who recovered. 
More than half had one or more diseases 
other than hemorrhagic peptic ulcer. Most 
important in frequency and gravity were 
cardiovascular lesions. Table IV presents a 
similar tabulation for the group of 25 pa- 
tients who died. The great significance of 
cardiovascular disease in determining prog- 
nosis is apparent at a glance. It should be 
borne in mind that separate diagnoses are 
listed, rather than number of patients, ex- 
cept in the category ‘‘without associated dis- 
ease.”” Only 7 of the 25 patients who died 
were without known serious disease other 
than hemorrhagic peptic ulcer. 

An analysis of postoperative complications 
among those who survived is presented in 
Table V. Commonest in this group were 
wound infection, wound disruption, atelec- 
tasis, and pneumonia. Note the infrequence 
of cardiac complications. Of the 168 survi- 
vors, 98 had no postoperative complication. 
On the other hand, among the 25 patients 
who died, as shown in Table VI, there were 


15 cardiac complications. Five patients died 
with evidence of anoxic encephalopathy and 
1 patient died of air embolism during trans- 
fusion of blood under pressure. In the entire 
series there were only 2 instances of dehis- 
cence of the duodenal stump. Stomal arrest 
and transfusion reaction were also notably 
uncommon. 

During the series of 196 operations on 193 
patients for massively bleeding peptic ulcer, 
22 patients were operated upon and found 
to have other causes for bleeding, as shown 
in Table VII. There were 13 malignant le- 
sions of the stomach and 4 of the duodenum 
and pancreas. Of the 3 patients with hemor- 
rhage from esophageal varices, 1 had extra- 
hepatic portal bed block, or Banti’s syn- 
drome. In these 22 patients the appropriate 
operation was carried out when the true 
diagnosis became evident, and at least 1 of 
the patients who had gastric resection for 
hemorrhagic gastric carcinoma under these 
circumstances is alive and well over 5 years 
later. 

The type of operation performed in the 
series is shown in Table VIII. Orthodox sub- 
total gastric resection with removal of three- 
quarters of the stomach and antecolic Hof- 
meister anastomosis was usually performed. 
This operation results in substantial dearte- 
rialization of the remaining fundic pouch, 
for the left gastric artery is ligated near its 
origin and the vessels in the lower half of the 
gastrosplenic ligament are interrupted. In 
our opinion these measures are important in 
the treatment of the peptic ulcer diathesis as 
well as in the control of bleeding from any 
lesion which may have been left in the car- 
diac end of the stomach. In the case of pvs- 


TABLE II.—ACUTELY MASSIVELY BLEEDING PEPTIC ULCER IN SERIES OF 193 PATIENTS HAVING 196 OPEKA- 
TIONS, CLASSIFIED AS TO TYPE, AGE OF PATIENTS, AND MORTALITY 


Age group Duodenal ulcer__ 
Drs. Cases Deaths 
BESO siieisctrwtels ais’ wdenua grand 0 0 
Le ae sethens 5 0 
| paieatdl a ; 14 0 
41-50...... , : 12 0 
51-60. oe jaesiewn ey 20 2 
61-70...... : age gS, 21 2 
cA | Sere : phswiteners eas 9 1 
PA ae sis Kaas anes elaernn- deals 3 2 
BU civics mie iriels wea ewite 84 7 











— Gastric ulcer__— Others. C —— 
Cases Deaths Cases Deaths Cases Deaths 
0 0 1 0 1 ) 

0 0 1 0 6 ) 

3 0 6 1 28 
13 0 10 1 35 
16 4 4 1 40 
22 4 10 0 53 
16 5 6 2 31 
1 0 0 0 4 , 
71 13 38 5 193 3 
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terior wall penetrating duodenal ulcer sur- 
gical objectives included removal ofall gastric 
mucosa and devascularization of the proxi- 
mal duodenum. In approximately 40 per 
cent of such cases, the ulcer itself was left 
behind, as the extent of reaction made dis- 
section unwise in the opinion of the surgeon. 
Where this is done the right gastric artery, 
the right gastroepiploic artery, and the su- 
praduodenal artery must be ligated. If the 
ulcer has penetrated the gastroduodenal ar- 
tery, as in Case 10, the ulcer must be re- 
moved, or the gastroduodenal artery must 
be ligated above and below the duodenum. 
In 1 instance in which this procedure was 
not carried out, severe hemorrhage recurred 
and it was necessary to operate on the pa- 
tient a second time 2 weeks after the gastric 
resection which accounts for the fact that 1 
patient was operated upon twice in the se- 
ries. Two other patients were operated upon 
twice. In each case the first operation con- 
sisted of closure of perforated ulcer, but 
severe bleeding continued and gastric resec- 
tion was required. 

Adequate blood replacement before and 
during operation is a basic feature of this 
method of treatment. A loss of red cell mass 
to 60 per cent or less in an acute hemorrhage 
is grave depletion and requires urgent relief. 
In this series, the average amount of blood 
given in connection with operation was 2,600 
cubic centimeters. During the last 2 years, 
however, we have used larger amounts, the 
average being 3,300 cubic centimeters. De- 
spite this fact, the average value for hemo- 
globin on discharge from the hospital has 
been 11 grams per 100 cubic centimeters. 
Relatively little blood has been given post- 
operatively. Of the last 46 patients, for ex- 
ample, 35 received no postoperative trans- 
fusion. In 2 fatal cases too little blood probably 
was given, and in 3 fatal cases probably too 
much. In these 5 cases, other serious diseases 
were present and the effect of imprecise use 
of blood was somewhat a matter of specula- 
ton. 

\Ve have been impressed with the infre- 
quence of transfusion reaction in these pa- 


TABLE III.—ASSOCIATED DISEASE IN 168 PATIENTS 
RECOVERING AFTER OPERATION FOR ACUTELY 
MASSIVELY BLEEDING PEPTIC ULCER 


No. of cases 
Without associated disease : ; ee 80 
Cardiovascular disease. ..................... 47 
Hypertensive cardiovascular disease......... 17 
Arteriosclerotic heart disease............... 11 
Rheumatic heart disease with mitral insuf- 

ONG soo sons swe tk edewsas 2 
Cardiac decompensation 9 
Cardiomegaly..... 1 
Aortic aneurysm. . . 1 
Syphilitic aortitis........... P 2 
Previous myocardial infarction. . a 
Previous cerebrovascular accident 1 

Pulmonary...... win ‘ “7 22 
Chronic bronchiectasis... .. . , : auc 2 
Cavitational tuberculosis aire ans ay 6 
Emphysema....... < 4 6 
Pulmonary fibrosis. . P wre 4 
Bronchial asthma...... ? 3 
Lobar pneumonia. . 1 

Nee ; ere 4 
Chronic pyelonephritis. . . 1 
Urethral stricture. . 2 
Renal calculus. . . 1 

Neuropsychiatric. . . : 7 
WOON ccc isatncnnaseaccuuss 1 
Syphilis of central nervous system... . 1 
Epalepey « ... ..00 0s. . 2 
Type undetermined. . 3 

Miscellaneous....... . re wet 59 
OO ‘ 8 
Malnutrition. ....... ae eee an 12 
Chronic alcoholism..... ......... ee 33 
Diabetes....... : , ne 6 


tients. In 4 patients transient icterus was 
noted postoperatively and 1 patient devel- 
oped homologous serum hepatitis with death 
3 months after operation. There was 1 in- 
stance of postoperative anuria, but this pa- 
tient also had shock and probable peritonitis. 
Pulmonary edema was noted postoperatively 
in 4 patients who survived and in 7 who died. 
Concurrent cardiovascular disease, as well 
as the effects of hemorrhage and shock, made 
it difficult to evaluate the role of possible 
overtransfusion in these cases. Many patients 
in the series were found to have an actually 
excessive plasma volume on direct measure- 
ments, a well known reaction to severe hem- 
orrhage over a longer period of time (1). In 1 
such case packed red cells rather than whole 
blood were administered. We believe this 
technique should be used more often, par- 








412 Surgery, Gynecology ¢ Obstetrics - October 1956 


TABLE IV.—ASSOCIATED DISEASE IN 25 PATIENTS 
DYING AFTER OPERATION FOR ACUTELY MAS- 
SIVELY BLEEDING PEPTIC ULCER 


No. of cases 


Without associated disease................0-. 7 


(Gardiqvasciilar Gineane ....66.655 os eek idan 26 


Hypertensive cardiovascular disease... .. . 

Arteriosclerotic heart disease............... 
Cardiac decompensation. ................. 
Previous myocardial infarction............. 
Previous cerebrovascular accident.......... 
GOP UOR BIE osc cach deat eee 


RFPunus > 


Re eRRIR I RRA scorn cbetaih Ga ciisiepa ls ae A SEN 10 


Chronic bronchiectasis. «.......66 65005000600 
ES 

Pulmonary TBPORB s i65: 6.465. 536.086 enn acces gees 
[LC a a ee eee ee 
SupPpPurAative BroOnChiwels. «665606 es cesses 
Multiple rib fractures and pneumothorax... . 
PUBNATY BOOB 5 os sis cnc S58 s Wawarisentis 


NR Re eS eB woe 


to 


Renal (chronic pyelonephritis)............... 


Neuropsychiatric (syphilis of central nervous 
PRP cistetanaciedonatagsisscwtens 2 


eG a ee ee eae 12 
ee ent suhssorroddiienaesokae Mer 
OO ee ee ee ae 
Chronic alcoholism. ....«.....5.006.. 6 essen ; 
re ee eee eee eee ree 


aN 


tot 


ticularly in the older patients with cardio- 
vascular disease and demonstrated plasma 
plethora. 

As shown in Table I the site of bleeding 
was undetermined in 21 patients. In 19 of 
these, gastric resection was carried out and 
no definite lesion was identified by the pa- 
thologist in the surgical specimen. These pa- 
tients are of special interest in follow-up. The 
2 not having gastric resection recovered with- 
out serious postoperative bleeding. Of the 19 
patients with resection, 1 bled severely after 
operation but recovered. Three bled mod- 
erately after operation and 2 died. Fourteen 
of the 21 patients did not bleed postopera- 
tively. The diagnosis remains uncertain in 
this group, but among the possibilities are 
low duodenal ulcer, fundic ulcer, esopha- 
gitis, and superficial nonpalpable ulcers of 
duodenum or proximal stomach. 


DISCUSSION 


The management of massively bleeding 
peptic ulcer by immediate blood replace- 


ment and gastric resection, as described, is 
based on concepts which may be listed as 
follows: (1) Hemorrhage is dangerous in pro- 
portion to its acuteness and severity. (2) ‘The 
danger is increased by conditions such as 
age and serious associated disease which 
lower the patient’s physiologic reserve. (3) 
Whether gross bleeding from peptic ulcer in 
a given case has ceased or whether it will 
recur are open questions; explosive second- 
ary hemorrhage may be rapidly fatal even 
under hospital treatment. (4) Bleeding from 
peptic ulcer can be arrested surgically by an 
operation which is also good treatment for 
the ulcer diathesis. (5) Surgical operation 
and resuscitation from hemorrhage can be 
carried out concurrently, with proper use of 
blood transfusion, good anesthesia, and sur- 
gical skill. 

The present study has produced what in 
our minds is convincing substantiation of 
these concepts. The question still remains, 
however, as to whether a greater number of 
patients would survive if treated by adequate 
supportive therapy without operation. We 
do not have statistical evidence from which 
to answer this question, but we suspect that 
the solution would vary with different clinics, 
depending on the facilities available. 

In the present series of cases there were 
only 2 postoperative deaths among the 65 
patients who were under 50 years of age, 
whereas there were 23 postoperative deaths 
among the 128 patients over 50 years of age. 
There is no doubt whatsoever that the post- 
operative mortality rate in the group over 
50 years of age could be further reduced by 
a selection of cases for operation, but we be- 
lieve that the total number of survivors would 
also be reduced. The prognosis is particu- 
larly poor in patients with previous coron:ry 
infarction, old cerebrovascular accident, !iy- 
pertensive arteriosclerotic heart disease, ‘in- 
oxic encephalopathy, and cirrhosis of ‘he 
liver. It would seem that the prognosis is l:<t- 
ter in this group if a vigorous program of 
resuscitation and surgical arrest of hemor- 
rhage is carried out, but the present sti dy 
provides no proof of this supposition. 
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TALLE V.—POSTOPERATIVE COMPLICATIONS IN 
168 PATIENTS WITH RECOVERY AFTER OPERA- 
TION FOR ACUTELY MASSIVELY BLEEDING PEP- 
TIC ULCER (170 OPERATIONS) 

No. of cases 

Without postoperative complication........... 98 


re sie ie aics vice eee Meee ene 6 


CAvint AGE R VV. 6 o.ces cea eeeee ses 
Decompensation and pulmonary edema..... 


- lv 


MURA creer core Ae One tls wie hem nkiscts wales 26 
RUNNY? 8S tae 5 ne RM Saha cenees = 
EINER Soc ancmay REE Cee vaca nees 11 
CLC ARSE ier aera eT apa eeer eee ert 2 


Of wound and peritoneum.................. 26 
Disruption of wound............ 
WORN NOUNS 65s sks Se cen ceniene 15 
Subhleepatice abscess... 5. cceese cess 1 
Duodenal fistula......... 


pO ee ae eee eee ere 18 
TRON DIMOIIG 5 553d is cae iive cee ele wie 
MSfo | ereaer re 
Transient stomal block... ..............255 
Fever of unknown origin. ..... 


wn tO 


ILLUSTRATIVE CASES 


Associated severe heart disease, cerebral symptoms, 
recovery 


Case 1. R. R., A 64 year old man with a 10 year 
history of peptic ulcer dyspepsia, was.admitted to the 
hospital, confused and disorientated, after showing 
signs of gross bleeding into the upper gastrointestinal 
tract. There was evidence of arteriosclerotic heart 
disease; the blood pressure was 90/ 60; the pulse rate 
100. The total circulating red cell mass was 49 per 
cent of expected normal; the plasma volume 77 per 
cent. He was given 1,000 cubic centimeters of blood 
and operated upon immediately. During gastric re- 
section for bleeding obstructing duodenal ulcer he 
developed auricular fibrillation and gallop rhythm, 
and digalen was given intravenously. He was dis- 
charged from the hospital 15 days later with evidence 
of senile cerebral deterioration. 


Associated severe heart disease and bronchiectasis, 
recovery 

Case 2. A 76 year old woman with an 11 year his- 
tory of peptic ulcer dyspepsia, began to bleed grossly 
into the upper gastrointestinal tract 6 hours before 
admission to the hospital. She had been treated for 
my: cardial infarction and residual angina. for which 
she was taking nitroglycerine. She had had bronchi- 
ectasis for 30 years. She was semicomatose on admis- 
sio:. with blood pressure of 75/55, a total circulating 
red cell mass of 36 per cent, and a plasma volume of 
85 >er cent. She was operated upon within 2 hours 
aft’ admission, and gastric resection was done for 


Ps 


TABLE VI.—POSTOPERATIVE COMPLICATIONS IN 
25 PATIENTS WHO DIED AFTER OPERATION FOR 
ACUTELY MASSIVELY BLEEDING PEPTIC ULCER 
(26 OPERATIONS) 


No. of cases 
OE TEP ELE TOC ETCC CEE e 15 
CUNMBG SUCRE Ss 5 oes os cts cendenete 3 
Myocardial infarction. .......0ccccccsescces 4 
Cardiac decompensation with pulmonary 
CUI ake Sand as aks ha.aeoe sean E aes 7 


Of wound and peritoneum.................. 6 
Diwuption of wound. ... <0 sce ls ccs cccse 
Dehiscence of duodenal stump... ... 
Subhepatic abscess. . a3 


mm w& 


WEMOTIINEONND Sooo co so dad acweenWaaecerees 10 
Air embolism during transfusion............ 
Anoxic encephalopathy. . ... . «<<... kccceess 
Intestinal obstruction. ..........2..scesces 
RPORTAMM CMIMEM Ss os ecco cans cee aes een 


me NUR 


gastric ulcer. Three days after operation she required 
quinidine for the control of cardiac arrhythmia and 8 
days after operation wound dehiscence had to be re- 
paired. She was discharged from the hospital 4 weeks 
after admission. 


Severe hypertension, cirrhosis, pulmonary tuber- 
culosis, recovery 


Case 3. F. R., a 52 year old man, had had peptic 
ulcer disease for 6 months. He gave a history of chronic 
alcoholism and was known to have cirrhosis. He had 
gross bleeding into the upper gastrointestinal tract 
shortly before admission. At examination he was found 
to be in mild cardiac decompensation with severe hy- 
pertension, blood pressure being 240/135; and there 
was evidence of early pulmonary tuberculosis. The 
total circulating red cell mass was 39 per cent of nor- 
mal; the plasma volume was 142 per cent. During 
gastric resection for gastric ulcer he was given 3,000 
cubic centimeters of blood. Postoperatively he was 
digitalized and made a good convalescence. 


Multiple superficial gastric ulcers 


Case 4. A. H., a 54 year old man, gave a history of 
passing tarry stools for 10 days and of vomiting blood 
for 9 hours before admission. There was no history of 
ingestion of toxins. His blood pressure was 100/30, his 
total circulating red cell mass was 25 per cent, and the 
plasma volume 64 per cent. At gastric resection 3 hours 
after admission, 1,500 cubic centimeters of blood were 
administered. The gastric specimen contained mul- 
tiple superficial lesions. He was discharged in good 
condition 17 days after operation. 





TABLE VII.—ERRORS IN DIAGNOSIS IN 215 OPERA- 
TIONS FOR ACUTELY MASSIVELY BLEEDING 
PEPTIC ULCER 

Diagnosis Deaths 

Carcinoma of stomach.............. 11 1 

Lymphosarcoma of stomach......... 0 

Carcinoma of pancreas and duodenum. 1 

Leiomyosarcoma of duodenum....... 0 

Leiomyosarcoma of ileum...... 

Acute enterocolitis... 

Esophageal varices... ...... 2.000000 

RN ad caSaurctnneuemaars 


No. of cases 


uw = — Ww lo 


to 


Extreme age with recovery 

Case 5. G. L., an 88 year old man, had a history of 
symptoms of peptic ulcer for 12 months, with 2 bouts 
of melena. During the day of admission he vomited 
blood and passed tarry stools. His temperature was 
101 degrees, the total circulating red cell mass was 42 
per cent, the plasma volume was 113 per cent. Three 
hours after admission gastric resection for penetrating 
duodenal ulcer was carried out while 3,000 cubic 
centimeters of blood were being administered. Post- 
operatively he developed mild signs of pneumonitis 
and superficial wound infection, but otherwise his con- 
valescence was satisfactory. 


Extreme youth, total gastrectomy, recovery 


Case 6. J. P., a 20 year old man, had developed pep- 
tic ulcer and gross bleeding at the age of 16, and gas- 
tric resection had been done at the age uf 17. The pres- 
ent admission was occasioned by gross bleeding into 
the upper gastrointestinal tract manifested by hema- 
temesis and melena. His total circulating red cell mass 
was found to be 43 per cent and his plasma volume 71 
per cent. The remaining gastric pouch was excised for 
marginal ulcer with Roux-Y esophagojejunostomy. 


TABLE VIII.—OPERATIONS PERFORMED FOR 
ACUTELY MASSIVELY BLEEDING PEPTIC ULCER 
IN 193 PATIENTS 


No. of cases Deaths 

Subtotal gastrectomy............... 174 19 
Subtotal gastrectomy, exc. pyloric 

RS. 2a hs bo coals PR Seon ottands Zz 0 
Subtotal gastrectomy, resection of 

RM ep AcIVA Shea bh Cee aA SASS 6 1 
Subtotal gastrectomy, resection of 

Meckel’s diverticulum. ........... 3 2 
Subtotal gastrectomy, resection of 

PAGE; BOO CONOR 60:5: si0 65:6 43-086 1 1 
TOR PASWOCIOMY « «65.5 o5s.c5's cco cans 1 0 
Total gastrectomy after subtotal gas- 

MEME nurse en esl een te ee 1 0 
Total gastrectomy, splenectomy, partial 

PONCHORIOCIOMY 5 ..6.66/0 66 66:0 50 oes 1 0 
Exploratory laparotomy only........ 4 1 
Suture of perforated bleeding gastric 

SO or er ce ee 2 0 
Secondary ligation of gastroduodenal 

PE ovata cote ki eionw ave rsenerne ance ere eleyes 1 1 

A Sa yetin ts 5 
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For 6 years since, he has been well, eating 3 meals 
daily and maintaining normal weight. 


Perforation and concurrent hemorrhage from gasiric 
ulcers 


Case 7. E. W., a 51 year old man, had had a 15 
year history of peptic ulcer. While being treated in the 
hospital for ureteral calculus he suddenly developed 
abdominal pain and rigidity. At laparotomy a perforat- 
ed gastric ulcer was found. Four days later he had 
severe upper gastrointestinal bleeding and rapidly 
went into shock. His total circulating red cell mass was 
58 per cent, his plasma volume 160 per cent. Bleeding 
continued, and over a 9 day period 10,000 cubic centi- 
meters of blood were administered before gastric re- 
section was performed, 13 days after closure of the 
perforation. There were 3 gastric ulcers in the speci- 
men and his postoperative course was benign, no fur- 
ther transfusions being required. 


Extreme anemia, hematocrit 4 per cent and tolal 
red cell mass 9 per cent 


Case 8. H. W., a 42 year old man, was admitted to 
the hospital with a history of tarry stools and hema- 
temesis for 1 week. He had had symptoms of peptic 
ulcer for 18 years. The hematocrit was 4 per cent, the 
plasma volume 177 per cent, the red blood cell mass 9 
per cent of expected normal; 1,400 cubic centimeters 
of packed red blood cells were given intravenously, 
and emergency gastric resection followed. At operation 
a posterior wall penetrating gastric ulcer was found. 
During the procedure, 1,500 cubic centimeters of 
whole blood were administered. Postoperative meas- 
urements showed hematocrit of 46 per cent, plasma 
volume of 115 per cent, and red blood cell mass of 108 
per cent. He was discharged on the thirteenth post- 
operative day after a rapid convalescence. 


Bleeding gastric ulcer and coexistent early gastru 
carcinoma 


Case 9. C. W., a 79 year old woman, was admitted 
to the hospital after 2 days of gross hematemesis and 
melena. She had had symptoms of peptic ulcer for 4 
months, with 1 previous bout of hematemesis. The 
plasma volume was 100 per cent and the red blood 
cell mass 24 per cent of expected normal. Immediate 
upper gastrointestinal x-ray study showed an antral 
ulcer. Gastric resection was carried out on the second 
day. Pathologic examination of the specimen reveaied 
an active peptic ulcer of the gastric antrum with an ad- 
jacent mucinous carcinoma in situ. 


Erosion of gastroduodenal artery, very large trans- 
fuston, pulmonary edema 


Case 10. R. M., a 59 year old man, was admitted! to 
the hospital with intractable pain from peptic ulcer; 
the history of peptic ulcer was of 5 years’ duration. ‘)n 
his fifth hospital day he suddenly went into profound 
shock, and when a nasogastric tube was passed lage 
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am unts of blood were aspirated from his stomach. 
Duiing the next 3 hours he was given 3,000 cubic 
centimeters of blood, but the systolic blood pressure 
could not be kept above shock levels. Gastric resection 
was done 4 hours after onset of bleeding, during the 
course of which 10,000 cubic centimeters of blood 
were rapidly administered. The stomach was dis- 
tended with clot, and profuse bleeding from a posterior 
wall duodenal ulcer which had eroded the gastro- 
duodenal artery was encountered. Despite the large 
amount of blood, the patient was in shock during much 
of the operation. There were signs of pulmonary edema 
immediately after operation which was treated by 
phlebotomy. The postoperative course was otherwise 
satisfactory and the patient was discharged on the 
seventeenth postoperative day. The plasma volume 
before operation was 75 per cent and the red blood cell 
mass was 33 per cent of expected normal. 


Cerebral anoxia, encephalopathy 


Case 11. J. P., a 74 year old man, was admitted to 
the hospital in shock from acute upper gastrointestinal 
hemorrhage. Transfusion of whole blood was started 
in 3 veins, but the systolic blood pressure could not be 
brought up. Four hours after admission gastric re- 
section was performed for large gastric and duodenal 
ulcers, both of which were eroding the pancreas and 
bleeding. At the completion of operation his systolic 
blood pressure stabilized at 220/110, a total of 8,500 
cubic centimeters of blood and 750 cubic centimeters 
of plasma having been administered. The preoperative 
plasma volume was 95 per cent and the red blood cell 
mass was 25 per cent of expected normal. The pa- 
tient did not recover consciousness and died on the 
second postoperative day. At autopsy hemorrhagic 
softening of the left cerebral hemisphere and basal 
ganglia was found, as well as bronchopneumonia and 
pulmonary hyperemia and edema. 


SUMMARY 


1. A series of 193 consecutive patients 
have been operated upon for acutely mas- 
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sively bleeding peptic ulcer in conformity 
with definite criteria. 

2. The average age of the patients was 
57.2 years; and 35, or 18 per cent, were over 
the age of 70. 

3. Half the patients who recovered and 
three-quarters of those who died had serious 
associated diseases. 

4. There was a high incidence of cardio- 
vascular disease in patients over 50 years of 
age. 

5. The commonest postoperative compli- 
cations in patients who recovered were 
wound infection and dehiscence, pulmonary 
atelectasis, and pneumonia; commonest in 
those dying were cardiac complications. 

6. Dehiscence of the duodenal stump, 
stoma! arrest, transfusion reaction, and post- 
operative hemorrhage were rare. 

7. The average amount of blood given 
before and during operation was 2,600 cubic 
centimeters. 

8. In 186 patients subtotal gastrectomy 
was performed. 

9. There were 25 deaths among 193 pa- 
tients having 196 operations; there were 65 
patients under the age of 50 with 2 deaths 
(3 per cent); there were 128 patients over 
the age of 50 with 23 deaths (18 per cent). 
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THE EFFECT OF URINARY FLOW UPON URETERAL 





REGENERATION IN ‘THE ABSENCE OF SPLINT 


RUDOLF O. F. OPPENHEIMER, M.D., and FRANK HINMAN, JR., M.D., F.A.C.S., 


San Francisco, California 


URETERAL REPAIR over a splint occurs by 
epithelization, then formation of a fibrous 
bridge, and finally by a combination of con- 
tracture of the bridge (which draws the 
ureteral muscle edges together) and actual 
smooth muscle regeneration (4, 7). 

Questions: (1) What is the role of the 
splint? (2) How does urinary flow affect 
regeneration? 


THEORETIC CONSIDERATIONS 


Intubation. The presence of ureteral splint 
provides a guide for healing. The normal se- 
quences involved have been studied but 
little is known of the aberrations from the 
norm. The current urologic trend is away 
from splints and tubes, but the physiopath- 
ologic reasons for and against such devices 
have not been made clear. 

Urinary flow. The continued flow of urine 
after ureterotomy or partial ureteral exci- 
sion can have three consequences: (1) an 
irritative effect on the exposed tissues caus- 
ing a fibrous reaction, (2) a hydraulic ef- 
fect which acts to keep the extraureteral 
channels open, and (3) a stimulating effect 
by fostering smooth muscle use and hyper- 
trophy via peristalsis (5). The fibrous reac- 
tion and the hydraulic effect would be ex- 
pected to delay healing, as has been the 
common clinical observation. Peristalsis 
could be expected to promote muscle 
growth and hypertrophy. 

Experiments were designed to study the 
relative effectiveness of these theoretic fac- 
tors. 


From the Sub-department of Urology, University of Califor - 
nia School of Medicine, San Francisco, California. 
Supported by the Christine Breon Fund for Medical Research. 
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The experiments (Fig. 1) deal with the re- 
sults after: simple unsplinted ureterotomy 
without proximal ureteral ligation (‘‘non- 
ligated, ureterotomy,” group 1A) or with 
ureteral ligation (“‘ligated, ureterotomy,” 
group 1B), and after fixing the ureter open 
for a distance of 1.5 centimeters, also with- 
out proximal ureteral ligation (“‘nonligated, 
fixed open,” group 2A), or with ligation of 
the ureter (‘‘ligated, fixed open,” group 2B). 


MATERIALS AND METHODS 


Nineteen mongrel dogs were used in these 
experiments. No preliminary urograms or 
function studies were made, but the kidney 
and ureter on the side operated upon were 
determined to be grossly normal at the time 
of the initial intervention. The number of 
animals in each group is recorded in Figure 
1. One dog died immediately after opera- 
tion, and was not included in the tabula- 
tions. 

The technique. Through a muscle-splitting 
flank incision (Fig. 2) the left (or right) 
ureter was exposed and drawn into the 
wound with stay sutures (Fig. 2, I). A longi- 
tudinal incision was cut through all layers 
of the ureter for a distance of 1.5 centime- 
ters. In 3 animals of group 1A, the ureter 
was not ligated, while in 2 other animals 
(group 1B), the ureter was ligated 114 to 2 
centimeters proximally, with No. 40 cotton. 
In 13 dogs, No. 40 cotton or 38 gauge stain- 
less steel wire sutures were placed to tack 
the cut edges of the ureter open against the 
retroperitoneal fat and posterior surface of 
the peritoneum. Alternative methods of f:x- 
ation (Fig. 2, II and III) were tried and 
found unnecessary. Four of these 13 dcgs 
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TABLE I.—RESULTS IN GROUP I 


Per cent of 


restoration of Degree of 


Dog No. Period in weeks smooth muscle fibrous reaction 
GROUP 1A—NONLIGATED URETEROTOMY 
134 1 60 1+ 
117 10 80 3+ 
179 14 100 1+ 
GRouP 1B—LIGATED URETEROTOMY 
32B 8 100 x 
189 14 95 1+ 
TABLE II.—RESULTS IN GROUP 2 
Per cent of 
Period restoration of Degree of Condition 
Dog No. in weeks smooth muscle fibrous reaction of kidney 
GROUP 2A—NONLIGATED, FIXED OPEN 
31 6 85 4+ Normal 
I Yio 8 75 4+ Normal 
152 9 60 oF Sl. dilatation 
132 12 60 3+ Normal 
GROUP 2B—LIGATED, FIXED OPEN 
148 1 = 
139 1 60 = 
2 4 90 a 
171 4 70 + 
178 4 70 2+ 
195 5 70 + 
32A 8 95 3+ 
37 10 50 i+ 
40 10 90 3+ 


had no proximal ligature of the ureter 
(group 2A), and 9 did (group 2B). A wire 
suture marked the center of the defect in 
each case. 

Rubber dam drains were stitched in the 
retroperitoneum near the defect (3) in all 
dogs with nonligated ureters. 

Animals were killed at intervals varying 
from 1 to 14 weeks, and the kidney, 
periureteral tissue, and ureter were placed 
in 10 per cent formalin solution. Gross ob- 
servations were made of the degree of fibro- 
sis. After fixation, transverse sections of the 
ureter were hand cut from the center of the 
defect at the site of the wire marker and 
sent for imbedding and sectioning. All sec- 
tions were stained with the routine hema- 
toxylin and eosin as well as with Weigert- 
van Gieson stain for delineation of smooth 
muscle. 


RESULTS 


(he microscopic sections of the ureter 
were evaluated for the degree of periureteral 
fibrosis (graded from minimal, +, to maxi- 
m:1 dense fibrosis, 4+), the pattern of 
ep thelial repair, and the completeness of 


Non-ligated vreterotomy 
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Group 1A Group 1B 
Ligated vreterotomy 


( 3 experiments ) (2 experiments ) 





Group 2A 
Non-ligated, fixed open 
(4 experiments ) 


Group 2B 
Ligated, fixed open 
C9 experiments ) 


Fic. 1. Experimental groups: simple ureterotomy and 
open fixation of ureteral walls. 


restoration of the smooth muscle layers (rat- 
ed as per cent of circumference so restored). 

Simple ureterotomy. Group 1A—If the ure- 
ter is simply incised longitudinally without 
ligation, after 1 week the ureteral defect is 
seen to be already sealed with a plug of 
fibrous tissue (Fig. 3). At 10 weeks the plug 
is smaller and at 14 weeks (Fig. 4) the con- 
tinuity of the smooth muscle has been re- 
established. Our previous studies (4, 7) 
showed that this result is effected not only 
by contraction of the connective tissue but 
also by regeneration of the smooth muscle. 

Group 1B—TIf the ureter is ligated above 
the longitudinal incision, reconstitution of 
the ureteral musculature is more complete, 
and fibrous reaction is somewhat less. This 
result occurred in spite of the fact that the 
ligature decreased the blood supply to the 
regenerating area. 
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Fic. 2. Operative technique. 


At 8 weeks, the ureter is well reconstitut- 
ed, only muscular irregularity remaining 
(dog 32B). This can be compared with the 
nonligated ureterotomy at 14 weeks. 

Table I summarizes these results, com- 
paring simple ureterotomy (as after uretero- 
lithotomy) with urine flow to that without. 
The degree of fibrous reaction, as would be 
expected, is greater if the ureter is not 
ligated and restoration of ureteral muscula- 
ture is less sure. 

Open fixation of the ureteral walls. Fixing the 
ureter open, as after a disrupted plastic re- 
pair, results in a marked fibrous reaction 
(Table II). Ligation proximally, with ob- 
struction of urine through the area during 
healing, facilitates muscle regrowth and de- 
creases markedly the fibrous reaction at the 


site of repair. However, regeneration is de- 
layed and fibrous tissue increased even in 
ligated specimens compared with healing 
after simple ureterotomy (groups 1A and B). 

The time interval from operation to ex- 
cision of the specimen bore no direct rela- 
tionship to the degree of fibrosis. The fact 
that some of the very early specimens 
showed 75 to 95 per cent restoration of 
muscle continuity indicates that the struc- 
tures holding the ureter open (retroperi- 
toneal fat and peritoneum) are relaxed 
enough to allow the ureter to spring pir- 
tially back into its normal round shape. Ex- 
periments to be reported later (5) elucidate 
this mechanism. 

The sequence of healing in these ‘‘ex- 
treme”’ ureterotomy experiments is of con- 
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Fic. 3. Simple ureterotomy 1 week postoperatively, without urinary flow (dog 134). Original 
smooth muscle (m) is edged with beginning new smooth muscle, which grows into the fibrous tissue 
plug making up rest of wall. Note highly irregular lumen. 

Fic. 4. After 14 weeks (dog 179), normal smooth muscle (m) has grown into fibrous plug (f), 


replacing it with irregular new smooth muscle (n). 


Fic. 5. With fixation of the ureteral walls widely apart, sealing of the defect is delayed during 
the first week (dog 148). Epithelium (e) is attempting to cover masses of granulation tissue (g) but 
failing, so that the lumen (/) is open to exterior. Original smooth muscle at x. 

Fic. 6. After 4 weeks, the defect has been closed with epithelium and connective tissue (dog 178). 
Original muscle (m) extends only 70 per cent around, the remainder being epithelized fibrous 
tissue (f). Overgrowth has resulted in double lumen (/) with complete epithelial lining (although 
no urine is flowing, this is a characteristic of the epithelium under these circumstances). 


siderable interest, affording a caricature of 
the events after ureterotomy in the clinical 
case. 

Group 2B—Even if urine is not allowed to 
flow through the defect, there is little clo- 
sur: during the first week (Fig. 5). The epi- 
the'ium proliferates vigorously, growing out 
onto the newly formed granulation tissue. 
During this period, a urinary fistula would 
exit were the ureter not obstructed by liga- 
ture. 


By 4 weeks, the ureter is completely 
closed, (Fig. 6) but the initial overgrowth 
of epithelium is still obvious. A second chan- 
nel can be formed (without muscular ele- 
ments) (4), and redundancy of the lining of 
the ureter proper is the rule. Muscular 
growth is slower, but by 8 weeks (Fig. 7) ab- 
normal overgrowth of muscle can be seen. 

At 10 weeks (Fig. 8), the epithelial lining 
has levelled out, but smooth muscle has 
been obstructed from proper regeneration 














by fibrous tissue and by the formation of 
bone. 

Group 2A—When urine is allowed to 
flow through the area of the wide defect, 
restoration is delayed but is similar to that 
when urine is blocked off. At 6 weeks the 
lesion is sealed (motion picture studies 
showed slight hesitancy of flow and irregu- 
larity of contour at the site of the defect) 
(3), and at 8 weeks a dense fibrous plug is 
found (Fig. 9) with new muscle ingrowth. 
At 12 weeks, a fibrous tissue wall is formed, 
often containing bone (Fig. 10a). A second 
lumen is not uncommon (Fig. 10b), com- 
posed entirely of new epithelium overlying 
new bone, without muscular elements. 

No gross ureteral obstruction occurred in 
3 of the 4 dogs, and only slight pelvic and 
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Fic. 7. At 8 weeks, muscular regrowth is prominent 
and even overgrowth has occurred (dog 32A). Actual 
smooth muscle overgrowth (m) has occurred, as has 
epithelial redundancy (e) with duplication of lumen. 

Fic. 8. Ten weeks after operation, the defect is healed, 
with level epithelium but one entire wall is composed of 
fibrous tissue (f) with formation of bone (4) blocking 
normal muscle (m) ingrowth (dog 37). 

Fic. 9. Flow of urine over the wide defect does not 
prevent closure of the gap with new muscle (m) although 
considerable fibrous reaction (f) occurs (dog 173). 


calyceal dilatation appeared in 1. The kid- 
ney in a fifth animal became atrophic with- 
out hydronephrosis or infection; this occur- 
rence will be discussed in the future after 
more study. 


DISCUSSION 


These animal experiments were designed 
to approach the least and the greatest cle- 
fects found in human cases involving ure- 
teral repair. At one end is the simple lonzi- 
tudinal ureterotomy, left to heal without 
hindrance from urinary flow and leakage. 
At the other extreme is the incised ureter 
forcibly held open and fixed to the retro- 
peritoneal tissues, bathed constantly in urire. 
By choosing extremes, however, we cin 
study all the gradations between. 
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Fic. 10. a, At 12 weeks (as in the ligated ureter, Fig. 9), bone formation (6) makes up part of the 


fibrous wall (f ) (dog 132). b, A second lumen (/) can be formed lined with epithelium, without any 
muscle in the wall, and the fibrous tissue is filled with bone (6). 


A simple incision heals rapidly and with 
little fibrosis. ‘This observation has already 
been made by Hamm and Weinberg who 
found urinary drainage persisted for 7 days 
at the most. Intubation was not necessary if 
portions of the ureter were not resected. 
Healing was not perfect, as we have shown, 
even after 14 weeks. 

Of significance is the finding that even 
the simplest incision without any urinary 
flow or leakage heals with appreciable scar- 
ring. Urinary flow does not greatly change 
the pattern of regeneration, but the process 
takes longer. 

The processes of healing after a larger de- 
fect which is fixed open and is unsplinted 
have only been speculated upon. Numerous 
investigators warn that the ureteral edges 
should not be reapproximated after ure- 
terolithotomy because of the danger of for- 
mation of a stricture. However, if the ureter- 
al edges are allowed to lie open and free, 
our experimental data indicate that, al- 
though healing occurs without significant 
obstruction in most animals, the ureteral 
wal! is not properly reconstituted. If the 
edges of the ureter are forced to lie free in 
the retroperitoneal space, and not guided 
to r-approximate themselves by either splint 
or suture, profuse epithelial overgrowth oc- 
curs. resulting in sacculations, double lu- 


mens, and walls composed only of fibrous 
tissue and bone. 

Urinary flow, if adequately drained so 
that pooling does not occur at the site of 
repair (2), does not inhibit repair as much 
as would be expected. However, those de- 
fects from which the urine is diverted heal 
somewhat better than those through which 
urine flows. 

That excessive growth of smooth muscle 
can occur in the absence of urine flow and 
ureteral peristalsis raises the question of 
whether such muscular activity is as impor- 
tant in ureteral repair as it was shown to be 
by Johanson in the plastic repair of the 
urethra. Other experimental data are to be 
presented on the problem. 


SUMMARY 


1. Longitudinal incisions were made in 
the ureters of 20 dogs to study the sequence 
and degree of healing after unsplinted ure- 
terotomy. 

2. If the ureter was ligated proximally, 
healing was slightly more complete and was 
accompanied by less scar tissue than if 
urine flow was permitted. 

3. If the ureteral defect was fixed open by 
stitching the ureteral flaps against the retro- 
peritoneal tissue and no splint was inserted, 
epithelization was disturbed so that proper 
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reconstitution of the ureteral wall was dis- 
organized. 


CONCLUSIONS 


1. Continued urinary flow through exper- 
imental ureterotomies increases periureteral 
fibrosis but does not significantly affect 
the degree of healing of the defect. 

2. Reconstitution of all layers of the ure- 
teral wall is hindered if the edge is forced to 
lie free in the retroperitoneal space. The role 
of the splint is to act as a guide to epithelial 
regeneration. Without a splint, primary 
epithelialization is deranged so that an ab- 
normal muscular coat is laid down. The re- 
sult is incomplete ureteral regeneration. 

3. The principal sequel to nonsplinting of 
a ureteral incision is derangement of pri- 


mary epithelization, made worse by urinary 
flow. 
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| A CLINICOPATHOLOGIC STUDY OF 


THE EPIPLOIC APPENDAGES 


THOMAS E. LYNN, M.D., MALCOLM B. DOCKERTY, M.D., and 
JOHN M. WAUGH, M.D., F.A.C.S., Rochester, Minnesota 


PATHOLOGIC LESIONS affecting epiploic ap- 
pendages are encountered infrequently and 
rarely are given preoperative consideration. 
However, they can mimic closely many of 
the acute intra-abdominal inflammatory 
syndromes and, in addition, they can pro- 
duce mechanical intestinal obstruction. They 
also may present as incarcerated hernias, 
simulate neoplastic processes in the abdo- 
men, and occur as intraperitoneal loose 
bodies. 

An attempt has been made to evolve a 
perspective of the conditions produced by 
disease of the epiploic appendages. The 
cases previously reported have been analyzed, 
and a detailed review has been made of the 
clinical, surgical, and pathologic data in the 
cases encountered at the Mayo Clinic from 
1940 through 1953. 


GENERAL BACKGROUND 


Initially described as anatomic entities by 
Vesalius in 1543, the epiploic appendages 


_ assumed surgical significance when Vir- 
_ chow, in 1853, suggested their detachment 
| as a source of intraperitoneal loose bodies. 
_ By 1900, sporadic case reports had appeared 
_ describing torsion of the appendages with 
_ and without associated symptoms. Cruveil- 


hier first presented a case of intestinal ob- 


» struction in which an epiploic appendage 
| had acted as a band; Riedel, in 1905, de- 
' scribed torsion of an epiploic appendage in 
| a femoral hernial sac. 


| _ Fro: the Section of Surgery and the Section of Surgical 

» Pathology, Mayo Clinic and the Mayo Foundation, Rochester, 
Minn: ota. 

» _ Ab dgment of thesis submitted by Dr. Lynn to the Faculty of 

| the G- aduate School of the University of Minnesota in partial 

—- ent of the requirements for the degree of Master of Science 
in Sur -ery. 
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A review in 1936 by Fiske disclosed 21 
cases of disease of the epiploic appendages 
requiring operation. Infarction or inflam- 
mation of the appendage without torsion 
was present in several of these cases. He 
cited a case of Babcock in which the correct 
diagnosis was made prior to exploration. In 
1942, Giffin and associates added 10 cases of 
symptomatic disease of the epiploic append- 
ages to the 49 previously reported. It was 
their impression that obesity was a factor in 
the genesis of this condition. Fieber and 
Forman, in 1953, noted records of 105 cases 
of diseased epiploic appendages in the litera- 
ture and added 3 more cases. They stressed 
the frequency with which the disease entity 
is confused clinically with vermiform appen- 
dicitis. 

The epiploic appendages are fat-filled, 
serosa-covered appendages occurring on the 
large intestine, including the appendix but 
excepting the rectum. The enveloped fat is 
a continuation of the subserosal fat of the in- 
testinal wall. Their appearance has been 
noted as early as the fifth month of the fetal 
life, although appreciable size is not attained 
until adulthood. Approximately 100 in num- 
ber, they are related intimately to the longi- 
tudinal bands of the colon, usually appearing 
in 2 rows. Their average length is 3 centi- 
meters but they have been reported to be as 
long as 15 centimeters. Blood is supplied by 
small branches of the circular artery that 
vascularizes the adjacent segment of colon. 
Subserosal lymphatic channels may termi- 
nate in a lymph node within an appendage 
or loop through its base en route to mesen- 
teric nodes. Diverticula have been encoun- 
tered within the substance of epiploic ap- 
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pendages, and this relationship has been 
considered to be due to the proximity of the 
appendages to the sites where the large ves- 
sels enter the intestinal wall. 

Functionally, the epiploic appendages 
have been described as representing a pro- 
tective and defensive mechanism similar to 
the great omentum. However, the small 
surface area and limited vascularity reduce 
this capacity to a minimum. It also has been 
postulated that they might act as a protec- 
tive cushion during peristalsis or, as Pines 
and associates suggested, a depot for the 
redundant adjacent circular vessel when the 
colon is collapsed. 

From a pathologic standpoint, the find- 
ings are similar regardless of the location of 
the involved appendage. In the acute phase, 
the appendages have been reported as show- 
ing varying degrees of hemorrhagic infarc- 
tion, gangrene, and suppuration. Fibrosis, 
hyalinization, cystic changes, and calcareous 
degeneration have supervened when the 
process is chronic. 


CLASSIFICATION 


Clinically, it is practical to consider the 
abnormal epiploic appendages as _ being 
symptomatic or asymptomatic, with further 
segregation depending on their intra-ab- 
dominal or intrahernial occurrence. Dis- 
tinction is made also as to whether the 
pathologic change is primary in the ap- 
pendage or secondary to another process. 

The following classification was adopted: 


I. With symptoms 
A. Primary involvement 
1. Intra-abdominal 
a. Symptoms due to inflammation of the 
appendage 
b. Symptoms due to intestinal obstruction 
2. Intrahernial 
B. Secondary involvement 
II. Without symptoms 
A. Primary involvement 
1, Intra-abdominal 
. Intrahernial 
. Detached 
a. Free 
b. Secondarily attached 


B. Secondary involvement 


Ww dN 


CASES OF DISEASED EPIPLOIC APPENDAGES IN 
THE LITERATURE 


Search of the available literature disclosed 
a total of 156 reported cases of diseased epi- 
ploic appendages necessitating surgical in- 
tervention. Inflammation of the appendage 
was present in 109 of these cases, whereas 
intestinal obstruction was present in 13 cases, 
The appendages presented as hernias in the 
remaining 34 instances. 

Inflammation. Primary inflammation in an 
epiploic appendage, with the production of 
abdominal pain that prompts surgical inter- 
vention, has provided the major source of 
interest in these appendages. The incidence 
of epiploic appendagitis, as compared to that 
of acute vermiform appendicitis, approxi- 
mates 0.2 per cent according to Bearse and 
Marinis and Cheek. The term ‘“‘appenda- 
gitis” is used in this article to refer to inflam- 
mation of an epiploic appendage regardless 
of its location on the large intestine; use of 
“epiploic appendicitis” has been avoided 
because of the specific application of ‘“‘ap- 
pendicitis” to the vermiform appendix. 

The sex incidence was approximately 
equal in the 109 cases of intra-abdominal 
epiploic appendagitis. Three-fourths of the 
patients were between the ages of 20 and 50 
years; the sole preadolescent example was 
an extremely obese 12 year old boy. Obesity 
was noted 21 times; the patient was reported 
as slender but once. 

Pain was present for less than a week in 
96 cases and for longer than a month in 6. 
It was usually moderate to severe, being 
constant or intermittent with equal fre- 
quency. Vomiting occurred in 30 per cent of 
the patients and nausea alone in an addi- 
tional 15 per cent. Bowel elimination usually 
was unaffected. ‘Tenderness was located as 
follows: right lower abdominal quadrant, 
54 per cent of cases; left lower quadrani, 29 
per cent; lower part of abdomen, 11 per 
cent; generalized, 4 per cent; and epigas'ric, 
2 per cent. Guarding of the abdomen was 
present in 84 per cent of cases, but rigi:lity 
and rebound tenderness were rare. The p!)ys- 
ical findings occasionally were most prommi- 
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nent on examination of the pelvis or rectum 
or both. A mass was palpable in 35 per cent 
of the cases. The temperature usually was 
increased but seldom was more than 101 
degrees F. The average leucocyte count ap- 
proximated 12,000 cells per cubic millimeter 
of blood, with one-third of the counts being 
less than 10,000. ‘The pulse and respiratory 
rates, if abnormal, were increased only min- 
imally. 

Vermiform appendicitis was the prevalent 
preoperative diagnosis, being made in 64 
per cent of the cases. Other diagnoses in- 
cluded diverticulitis (13 per cent), twisted 
ovarian cyst (6 per cent), epiploic appenda- 
gitis (3 per cent), cholecystitis (3 per cent), 
and intestinal obstruction (2 per cent). Con- 
sidered once each were degenerating uterine 
myoma, tumor of the sigmoid, Richter’s 
hernia, abdominal malignant disease, ab- 
scess of the abdominal wall, torsion of an 
intra-abdominal testis, tubo-ovarian disease, 
and abdominal adhesions. 

The site of origin of the diseased append- 
age was as follows: sigmoid, 50 per cent of 
cases; cecum, 26 per cent; ascending colon, 
10 per cent; transverse colon, 5 per cent; 
descending colon, hepatic flexure, and ver- 
miform appendix, 3 per cent each. Two of 
the acutely inflamed appendages had be- 
come detached. The mobility of the sigmoid 
colon might allow an inflamed appendage 
located thereon to produce symptoms in the 
right lower quadrant. Occasionally, the pain 
and tenderness were noted to shift across 
the lower part of the abdomen, a finding 
that is suggestive of epiploic appendagitis. 
Torsion of the diseased appendage was vis- 
ualized at operation in 44 per cent of cases; 
the chain of events precipitating torsion is 
not known. 

Appendages causing intestinal obstruction. Ab- 
normalities of the epiploic appendages were 
the cause of partial or complete intestinal 
obsiruction in 13 instances, with 4 deaths. 
The sex incidence among these 13 patients 
Was approximately equal. Six of the pa- 
tieriis were more than 50 years of age. An 
appendage that had become adherent to the 


abdominal wall or another intra-abdominal 
structure was the usual cause of obstruction. 
Direct constriction of the colon may occur, 
or a band may form, about which the small 
intestine may loop or become incarcerated. 
The obstruction involved the small intestine 
in 7 patients. 

The appendage producing the obstruc- 
tion originated from the sigmoid colon in 8 
of the 13 cases. Twisting of a sigmoidal ap- 
pendage in 1 instance was so pronounced as 
to produce constrictive ‘“‘tenting”’ of the ad- 
jacent intestinal serosa, according to Hamil- 
ton. Harte reported an unusual case in 
which an epiploic appendage of the sigmoid 
invaginated into the intestinal lumen, pro- 
ducing symptoms of obstruction. The possi- 
bility of an inverted diverticulum was sug- 
gested in this case. 

Di Rienzo and Mosca noted that disease 
of the epiploic appendages may be suggested 
roentgenologically by use of barium enemas. 
They pointed out 3 characteristic signs, 
namely: (1) narrowing, complete or partial, 
around the circumference of the intestine due 
to edema or cicatrix, (2) an image resem- 
bling 2 funnels with apices placed end-to- 
end, and (3) coarsening of the mucosa with 
accordion-like contractions, the ridges of 
which are disposed perpendicular to the long 
axis of the colon. 

Appendages in hernias. Surgical intervention 
was necessary in 34 cases in which epiploic 
appendages presented as incarcerated or 
strangulated hernias. Male patients were in- 
volved twice as often as female, with 70 per 
cent of the incarcerations occurring in pa- 
tients who were between 40 and 70 years of 
age. Two-thirds had severe pain, with a 
duration of symptoms of less than 3 days. 
The pain in 1 instance was recurrent over a 
9 month period. Rectal bleeding was associ- 
ated in 3 cases, and symptoms of obstruc- 
tion were present in 1 case owing to angula- 
tion of the intestine at the mouth of the sac. 
The site of the hernia was inguinal in 82 per 
cent and femoral in 12 per cent of the cases. 
The periumbilical region and an incisional 
hernia were involved once each. 
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CASES OF DISEASED EPIPLOIC APPENDAGES 
AT THE MAYO CLINIC 
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Study of the surgical records at the Mayo 
Clinic revealed that 17 cases in which symp- 
toms were produced by lesions of epiploic 
appendages were encountered from 1940 
through 1953. Primary intra-abdominal ap- 
pendageal disease was present in 12 of these 
cases, in 2 of which the presenting picture 
was that of intestinal obstruction. Intraher- 
nial epiploic appendagitis occurred once. In 
the remaining 4 cases, other disease pro- 
cesses presented the major symptoms or in- 
cited the pathologic changes in the append- 
ages. During the same period were found 
129 instances of diseased epiploic appendages 
without referable symptoms; the majority of 
these appendages had become detached and 
were found as intraperitoneal loose bodies. 

Inflammation. Primary intra-abdominal epi- 
ploic appendagitis required surgical inter- 
vention in 10 of these 17 symptomatic cases. 
Women were involved twice as frequently as 
men, and the age range was 28 to 68 years. 
+ > *1 All patients exceeded the ideal weight for 
their age, height, and sex. 

The duration of symptoms ranged from 1 
day to 11 months, with 6 of the patients 
having had complaints for periods in excess 
of 1 month. The main symptom consisted of 
pain, which was usually constant; it was 
mild in half the cases. The pain in 2 in- 
stances was accentuated on defecation. Nei- 
ther nausea nor vomiting was present in any 
of the cases. 

Similar but less severe transient episodes 
had been noted previously in 2 of the cases 
clinically suggestive of acute vermiform ap- 
pendicitis. In 1 of these cases, the attacks 
had recurred during the preceding year and 
a diagnosis of vermiform appendicitis had 
been considered on several occasions; how- 
ever, the symptoms had disappeared 
promptly without residual. In the other case, 
4 brief attacks had been experienced in the 
month preceding the episode that precipi- 
tated surgical intervention. 

Pain and tenderness were localized to the 
left lower quadrant in 6 of the cases and to 
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Fic. 1. Detached epiploic appendages found as intra- 
peritoneal loose bodies. 


the right lower quadrant in the remaining 4 
cases. In 2 instances, the tenderness in the 
left lower quadrant was most pronounced on 
pelvic examination and in each case the 
diseased appendage was found to be ad- 
herent to a normal left ovary. Seven of the 
patients were afebrile, whereas the increase 
in temperature was less than a degree in the 
others. In no instance was the leucocyte 
count increased. 

Vermiform appendicitis was the preoper- 
ative diagnosis on 3 occasions, with ovarian 
tumor being diagnosed an equal number of 
times. A pelvic mass was diagnosed twice; 
chronic cholecystitis and indeterminate ab- 
dominal pain were considered once each. 
The diseased appendage arose from the sig- 
moid colon in 6 cases and from the cecum 
in 3; the appendage was detached in the 
remaining case, although a hyperemic zone 
on the cecum apparently marked the site of 
origin. Torsion of the appendage was noted 
6 times. Data in these 10 cases are summa- 
rized in Table I. 

Appendages causing intestinal obstruction. Dis- 
eased epiploic appendages produced intes- 
tinal obstruction in 2 of our 17 cases of symp- 
tomatic disease. A 46 year old man had 
symptoms and physical findings suggesting 
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acute mechanical obstruction of the small 
intestine with strangulation. He had not had 
any previous abdominal operations or a past 
history of gastrointestinal distress. Explora- 
tion revealed a segment of the terminal por- 
tion of the ileum to be adherent in the right 
pelvic region. It had become incarcerated 
beneath a band formed by a sigmoidal epi- 
ploic appendage that was adherent to the 
mesentery of the ileum. The offending ap- 
pendage was removed, and 90 centimeters of 
gangrenous ileum were resected. The pa- 
tient survived after a difficult postoperative 
course. The diseased appendage revealed 
chronic inflammatory changes. 

The second patient was a 68 year old man 
who gave a 5 month history of partial colonic 
obstruction. Studies using a barium enema 
suggested an annular filling defect in the 
proximal part of the sigmoid, and the pre- 
operative diagnosis was carcinoma of the 
sigmoid. Exploration revealed several sig- 
moidal epiploic appendages adherent to the 
left lateral abdominal wall, with considerable 
resultant angulation of the intestine. No 
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Fic. 2. Detached partially calcified epiploic app nd- 
ages as seen roentgenographically. 











all 
lad 
ast 


or- 
ht 
ted 
pi- 
the 
1p- 
3 of 
da- 
ive 


an 
nic 
ma 
the 
re- 
the 
ig- 
the 


ble 
No 





nd- 








other pathologic changes were found. The 
offending appendages were removed. An 
uneventful postoperative course and relief 
of symptoms followed. 

Appendage in a hernia. Pain was produced 
in 1 instance by an inflamed epiploic append- 
age within a left inguinal hernia. A 52 year 
old man had noted intermittent asymptoma- 
tic protrusion of the hernia for many years. 
It always had been readily reducible. Aching 
in the left lower quadrant and in the hernia, 
when it was present, had been noted for 6 
weeks prior to surgical intervention. Opera- 
tion disclosed a sliding sigmoidal hernia with 
a twisted and infarcted epiploic appendage 
present on the intrahernial portion. ‘The ap- 
pendage was excised and the hernia was re- 
paired. The postoperative course was un- 
eventful, with complete relief of symptoms. 

Symptomatic secondary involvement. As already 
mentioned, another disease process or a pre- 
vious operation produced symptoms second- 
ary to pathologic alterations of the epiploic 
appendages in 4 cases. ‘Two were instances 
of disease of sigmoidal appendages associated 
with tubo-ovarian inflammation. Both these 
patients, who were 36 and 49 years of age, 
respectively, had noted aching lower ab- 
dominal pain and considerable constipation 
for several months. Examination disclosed 
tender masses in the right lower quadrant 
and exploration revealed cystic tubo-ovarian 
inflammation. In each instance, a sigmoidal 
appendage had become adherent to the re- 
gion of inflammation, with resultant angula- 
tion of the sigmoid colon. Excision of the 
diseased tissue and the involved appendages 
provided complete relief. 

Epiploic appendages were symptomatic 
on 2 occasions after surgical procedures. A 
74 year old woman had become increasingly 
aware of a prolapsed feeling in the rectum 
“like a hemorrhoid” 4 years after a sphinc- 
ter-preserving pull-through operation for 
carcinoma of the rectum. Examination failed 
to reveal any redundant mucosa. A large 
adherent epiploic appendage was removed 
at uperation, with symptomatic relief. In 
the other instance, a 60 year old woman 
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Fic. 3. a, A detached epiploic appendage that had 
become secondarily attached to the liver. b, Acute epi- 
ploic appendagitis showing thrombosis of the appenda- 
geal vessels and infarction. Both, hematoxylin and eosin, 
X30. 


complained of aching pain in the pelvis. The 
symptoms, of 3 years’ duration, followed a 
fall. A vaginal hysterectomy had been per- 
formed 10 years prior to the onset of symp- 
toms, with perineorrhaphies 1 year and 7 
years before the symptoms began. Examina- 
tion revealed that the wall of the vaginal 
vault had ruptured, with prolapse of several 
incarcerated epiploic appendages into the 
vagina. These were excised and the vagina 
was repaired, with satisfactory results. 

Asymptomatic primary involvement. Thirty, 
cases were encountered in which primary 
pathologic alterations of attached intra-ab- 
dominal appendages had failed to produce 
symptoms. Women were involved twice as 
often as men; with the exception of 1 man 
who was 78 years of age, all the patients 
were within the fourth to seventh decades of 
life. None gave a past history suggestive of 
epiploic appendagitis. A malignant process 
prompted the surgical intervention in 15 
cases and benign gynecologic disease was 
responsible in an additional 11. All but 3 of 
the involved appendages were on the sig- 
moid colon. 

This group is of interest to the surgeon in 
that the lesions are likely to be confused with 
neoplastic processes. An example is a 63 
year old woman who underwent an opera- 
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Fic. 4. Roentgenographic appearance of partial ob- 
struction of the sigmoid colon. Sigmoidal epiploic append- 
ages, adherent to the left lateral abdominal wall, pro- 
duced constriction and angulation of the intestine. 


tion for carcinoma of the rectosigmoid. A 
firm nodule was found on the sigmoid a 
short distance above the tumor. Study of 
fresh frozen sections of this suspected meta- 
static lesion proved it to be a chronically 
inflamed epiploic appendage. 
Asymptomatic detached epiploic append- 
ages were found in 89 cases. Eighteen ap- 
pendages had become secondarily adherent 
elsewhere in the abdomen, whereas 71 were 
intraperitoneal loose bodies. Of this latter 
group, 67 were found in the abdomen and 4 
occurred in hernial sacs. Women were affect- 
ed twice as often as men, and all the pa- 
tients were beyond the age of 30 years. As 
might be expected, the majority of these 
loose bodies had gravitated to the pelvis. 
Pathologic changes in the pelvis were present 
in more than 70 per cent, and a malignant 
process was present in 30 per cent. Half the 
patients had undergone previous abdominal 
operations. It was not possible to determine 
a consistent pattern of past symptoms sug- 
gestive of disease of the epiploic appendages. 





Either the detachment occurred witliout 
symptoms or the distress was not of sufficient 
magnitude to be of concern. 

The loose bodies were usually round and 
firm, although asymmetric shapes often were 
noted (Fig. 1). Diameters varied from 1 to7 
centimeters. The majority were either gray- 
white or brown. Microscopically, they usu- 
ally exhibited a hyaline capsule surrounding 
fat in varying degrees of dissolution, includ- 
ing fatty necrosis, cystic changes, and cal- 
cific degeneration. Some specimens, pre- 
sumably of recent detachment, showed 
preservation of normal architecture but 
contained foci of interstitial hemorrhage. 

The roentgenographic appearance of par- 
tially calcified detached appendages was il- 
lustrated in a 58 year old woman who had 
experienced a ruptured gallbladder 10 years 
before. Several small ring-shaped opacities 
were noted in a roentgenogram of the ab- 
domen (Fig. 2). At operation for another 
condition, several structures resembling gall- 
stones were removed from the peritoneal 
cavity; they proved to be partially calcified 
detached epiploic appendages. 

Of the 18 detached epiploic appendages 
that had become attached elsewhere in the 
abdomen, a third were found on other por- 
tions of the intestine or its mesentery. A sim- 
ilar number were adherent to the uterus or 
its adnexa. Four occurred on the greater 
omentum. One was attached to the round 
ligament of the liver and another presented 
as a suspicious nodule on the liver measuring 
8 by 8 millimeters (Fig. 3a). These second- 
arily attached appendages occasionally may 
suggest a neoplastic process. 

Asymptomatic secondary involvement. In 10 in- 
stances, asymptomatic disease of the epip!oic 
appendages was secondary to another <iis- 
ease process. Carcinomatous spread involved 
an appendage 4 times, and a similar number 
were involved by adjacent inflammation. 
Epiploic appendagitis undoubtedly occured 
frequently with acute diverticulitis but -el- 
dom was given separate consideration. On 2 
occasions, pathologic appendages were fou nd 
with strangulated intestine in a hernial sc. 
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PATHOLOGIC FEATURES 

In the acute phase, the involved epiploic 
appendage shows varying degrees of edema, 
hyperemia, hemorrhage, or gangrene. The 
gangrenous appendage is firm and usually is 
plum-colored. When the process is of long 
duration, the appendage is frequently firmer 
and lighter in color than normal. Detached 
tags often have a chondroid hyaline capsule. 

The acute lesions are characterized micro- 
scopically by thrombosed vessels, interstitial 
hemorrhage, and secondary infiltration with 
neutrophils, lymphocytes, and _ histiocytes 
(Fig. 3b). In the subacute stage, scattered 
dissolution of the fat cells is noted, with the 
presence of fat-filled macrophages. The 
prominent features of the chronic phase are 
replacement by fibrous connective tissue, 
calcareous degeneration, and hyalinization, 
especially about the periphery. 


TREATMENT 


The treatment of diseased epiploic append- 
ages is ligation and excision. Meillere in- 
jected material into the blood vessels of the 
colon after excision of an epiploic appendage 
level with the surface of the intestine and 
found that a triangular zone extending dis- 
tally from the site of excision was not in- 
jected. He noted, as did Pines and associates, 
the looping of the blood vessels into the base 
of the appendage and suggested interruption 
of such vessels as the cause of his findings. 
However, instances of compromised via- 
bility of the intestinal wall have not occurred 
after removal of an epiploic appendage. 

It must be kept in mind that a divertic- 
ulum may be enclosed within an epiploic 
appendage. In such a situation, the stump 
should be inverted and the serosa should be 
approximated over the region. 

A strangulated epiploic appendage in a 
hernial sac should be excised and the hernia 
should be repaired in a conventional manner. 


COMMENT 


Acute abdominal pain, with or without an 
associated palpable mass, is the most signif- 
cant symptom produced by disease of an 


Lynn et al.: CLINICOPATHOLOGIC STUDY OF EPIPLOIC APPENDAGES 431 





epiploic appendage. Acute vermiform ap- 
pendicitis is the usual preoperative diagno- 
sis, with acute diverticulitis being given con- 
sideration if the symptoms and findings 
remain localized to the left lower portion of 
the abdomen. Although symptomatic epi- 
ploic appendagitis can arise on any segment 
of colon, the lesions in over three-fourths of 
the reported cases and in all 10 of ours oc- 
curred on the cecum or sigmoid colon. 

In the acute phase, the diseased epiploic 
appendage uniformly reveals thrombosis of 
the nutrient vessels, with secondary infarc- 
tion and inflammation. Pain, when present, 
is due to irritation of the adjacent parietal 
peritoneum. Hyalinization and calcification 
are the end stages of the necrotic process. 

It must be emphasized that primary path- 
ologic changes in an epiploic appendage 
can give rise to chronic recurrent symptoms 
lasting from weeks to months. Thirteen of 
the 109 patients reported upon in the litera- 
ture who had epiploic appendagitis and 8 of 
the 10 such patients in our study had symp- 
toms for more than a week. The relative in- 
frequency of cases of acute disease in our 
series probably is accounted for by the high 
percentage of elective surgical procedures 
done at the clinic. It is noteworthy that the 
2 patients who had acute symptoms had 
noted recurrent, similar, less severe episodes 
for 1 month and 1 year, respectively. 

A definite preoperative distinction be- 
tween epiploic appendagitis and acute ver- 
miform appendicitis must be tentative. How- 
ever, several differences are worthy of con- 
sideration. Epiploic appendagitis is a disease 
of middle age and the patients are usually 
overweight. The pain, at the onset, almost 
always is localized at the site of the patho- 
logic changes. When a sigmoidal appendage 
is involved, shifting of the pain and tender- 
ness across the lower part of the abdomen 
may occur as the patient changes position. 
Anorexia, nausea, vomiting, and constipa- 
tion are more likely to occur with vermi- 
form appendicitis, and such patients gen- 
erally are sicker and show more pronounced 
febrile and leucocytic responses. 
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An abdominal mass was palpable in ap- 
proximately one-third of the cases previously 
reported and in one-half of the cases in this 
study. Although the appendage itself may be 
large enough to be felt, the mass is usually 
due to the inflamed appendage being walled 
off by adjacent epiploic tags or omentum. 
In the absence of severe sepsis, such a mass 
is suggestive of epiploic appendagitis rather 
than another acute inflammatory process. 
When the symptoms are less acute and the 
patient is a woman, the mass is usually con- 
fused with an ovarian tumor. This occurred 
in 3 of our 10 cases of epiploic appendagitis. 

Complete or partial intestinal obstruction 
can result when an epiploic appendage be- 
comes attached to the abdominal wall or the 
mesentery of the small intestine. The colon 
may be constricted directly by the band or 
angulated enough to produce obstruction 
(Fig. 4). As already noted, such an-instance 
of obstruction due to angulation occurred in 
this study; the preoperative findings re- 
vealed by a barium enema were compatible 
with a tumor in the sigmoid colon. In the 
other patient who had obstruction, a loop of 
ileum became incarcerated beneath a sig- 
moidal appendage that was adherent to the 
root of the mesentery of the small intestine. 
This finding demonstrates the usual mecha- 
nism of obstruction of the small intestine 
produced by an epiploic appendage. On 
rare occasions epiploic appendages on oppo- 
site sides of the intestine can become ad- 
herent and cause a ring constriction of the 
colon. Except for cases in which a barium 
enema that discloses evidence of extrinsic 
pressure over a narrow zone might be sug- 
gestive, it is not possible to make a preopera- 
tive diagnosis of disease of the epiploic 
appendages as the cause of the obstruction. 

An epiploic appendage may become 
trapped in a hernial sac and simulate incar- 
cerated intestine. We have mentioned that 
34 such cases have been reported in the 
literature. The intrahernial appendage may 
angulate the adjoining intestine, giving rise 
to symptoms of obstruction or intestinal 
bleeding. Our own series contained 1 case 





in which epiploic appendagitis in a nonin- 
carcerated inguinal hernia prompted sur- 
gical intervention. 

As mentioned previously, 2 cases were 
encountered in our series in which symp- 
toms from epiploic appendages were a com- 
plication of previous operative procedures. 
Appendages prolapsed into the vagina after 
vaginal hysterectomy in 1 instance, whereas 
an appendage gave the sensation of a rectal 
hemorrhoid in the other. ‘This latter patient 
previously had undergone a sphincter-pre- 
serving sigmoidal pull-through procedure. 
Symptoms from epiploic appendages after 
operation have not been reported previously. 

Primary appendagitis has occurred with- 
out symptoms. Gradual or intermittent tor- 
sion with protracted ischemia has been 
considered to minimize the acute inflamma- 
tory reaction. Later stages in which the ap- 
pendage is held by a thin strand of pedicle 
with imminent detachment have been ob- 
served. Detached epiploic appendages are 
thought to represent the most frequent 
source of intraperitoneal loose bodies, ac- 
cording to Morales and Ross and McQueen. 
Occasionally with the ischemia, and more 
commonly after detachment, the appendage 
undergoes some degree of calcification, 
which may be a source of roentgenographic 
confusion, according to Barden. Rosenak 
and Young mentioned another source of 
diagnostic difficulty as revealed in a case of 
portal cirrhosis with unusual abdominal 
masses that proved to be greatly edematous 
epiploic appendages. 

Detached epiploic appendages usually are 
encountered by the surgeon as marble-shaped 
loose bodies in the pelvis. They may be con- 
fused with gallstones, detached uterine fi- 
broids, detached ovarian cysts, or residuals 
of a tubal abortion. The detached append- 
ages occasionally become adherent to other 
structures within the abdomen and may be 
confused with a primary or metastatic neo- 
plastic process. However, the fatty fibrous 
appearance on section suggests their nature, 
and confirmation may be achieved readily 
by microscopic study. 
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Although it is impossible to correlate 
asymptomatic detached appendages with a 
clinical history suggestive of disease of such 
appendages in the past, it is certainly pos- 
sible that epiploic appendagitis may be a 
source of acute or recurrent abdominal pain 
that regresses without serious consequences. 

Epiploic appendagitis deserves considera- 
tion in cases of acute abdominal pain when 
laparotomy fails to disclose the more com- 
monly encountered entities. 


SUMMARY AND CONCLUSIONS 


Study of the available literature revealed 
reports of a total of 156 cases of symptomatic 
pathologic changes of the epiploic append- 
ages prompting surgical intervention. Anal- 
ysis disclosed that inflammation (append- 
agitis) was present in 109 of these cases, 
whereas intestinal obstruction had been 
produced by the appendage in 13 cases and 
appendages were intrahernial in nature in 
34 instances. An analysis was made of 17 
such cases encountered at the Mayo Clinic 
from 1940 through 1953. During this same 
14 year period, 129 examples of asymptoma- 
tic disease of epiploic appendages were 
noted at the clinic. 

Pathologic changes in epiploic appendages 
may mimic many acute abdominal inflam- 
matory syndromes; they may form an intra- 
abdominal mass or produce mechanical 
intestinal obstruction. They also may be a 
source of pain in a hernia or be the sole oc- 
cupant of an incarcerated hernia. Detached 
epiploic appendages are the most frequent 
cause of intraperitoneal loose bodies. These 
may become secondarily attached elsewhere 
in the abdomen and be confused with a 
neoplastic process. 

Infarction of epiploic tags with superim- 
posed epiploic appendagitis usually has been 
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confused clinically with acute vermiform 
appendicitis. A preoperative distinction can 
only be tentative. Should laparotomy fail to 
disclose the usual sources of acute abdomi- 
nal pain, epiploic appendagitis warrants 
consideration. An inflamed epiploic append- 
age occasionally may produce chronic or 
recurrent symptoms. 

The treatment is surgical excision of the 
diseased appendage. Rarely, a diverticulum 
of the colon will be encountered within the 
appendage. 
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ADVANTAGES OF LOCAL OVER SPINAL 





ANESTHESIA IN ANORECTAL SURGERY 


EUGENE P. SALVATI, M.D., and GUY L. KRATZER, M.D., F.A.CS., 


Allentown, Pennsylvania 


Stimuvus for use of local anesthesia in ano- 
rectal surgery was provided by Schneider! 
in a reported series of 357 cases in which 
hyaluronidase was combined with 1 per 
cent procaine and a vasopressor. Prior to this 
report, local injection of procaine perianally 
had been used for poor risk and elderly pa- 
tients but seldom as a routine procedure 
because of the inherent disadvantages of 
tissue distortion and poor relaxation. The 
use of a procaine hyaluronidase-epinephrine 
solution has had its application by the ob- 
stetrician in pudendal blocks, and the use of 
hyaluronidase for the more rapid and less 
painful absorption of subcutaneous fluids is 
well known. A large volume of literature has 
been accumulated on hyaluronidase and re- 
ports of toxicity have been nil. 

The present study covers a period of 214 
years, from September 1953 to February 
1956, during which time 300 consecutive 
spinal and 300 local anesthesias for anorectal 
surgery were analyzed. General anesthesias 
as well as spinal or local anesthesias for ex- 
cision of pilonidal cysts have been excluded. 
The latter cases do not serve as a good com- 
parison since relaxation is not necessary al- 
though during the past 14 years all pilonidal 
cysts have been removed under local anes- 
thesia. Hyaluronidase does not penetrate 
the fibrin barrier set up by infection, and if 
one remains clear of the abscess cavity itself 
there is no danger in spreading infection. 
For this reason, adequate relaxation and 
anesthesia cannot be obtained with the use 
of local anesthetics in large abscesses. All 
operations in this report were performed by 


1ScHNEIDER, H. C. Hyaluronidase with local anesthesia in 
anorectal surgery. Am. J. Surg., 1954, 88: 703-706. 
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the senior author. All of the various ano- 
rectal procedures were performed. 


STATISTICAL COMPARISON 


. The spinal and local anesthesia group 
were compared statistically on the basis of 
(1) urinary retention, (2) postoperative 
bleeding, and (3) hospital stay. 

The over-all incidence of urinary reten- 
tion in the 300 cases of spinal anesthesia was 
45 per cent, but this figure must be further 
qualified. In the first 183 cases, orders were 
given to catheterize the patient pro re nata, 
and 50.2 per cent of the patients were cathe- 
terized. It is known that a false desire to 
void occurs following anorectal surgery. This 
sensation is due not only to the dual inner- 
vation of bladder and rectum and sphincter 
mechanism by the same parasympathetic 
and sympathetic nerve supply but also to 
the close association of the anorectal and 
urethrovesical structures, especially their 
connection via the rectourethralis muscle. 


For this reason many patients were sub- | 
jected to needless catheterization. In 117 of f 


the later spinal anesthesia cases, patients 
were catheterized only after 18 hours, and 
the incidence of urinary retention in this 
group was 36.7 per cent. Analysis of the 300 
cases in which a local anesthetic was used 
showed an incidence of urinary retention of 
13.3 per cent, a reduction of 23.4 per cent 
as compared with the spinal group. 

The incidence of postoperative bleeding 
in the spinal group was 2 per cent, in which 
suture was performed on the ward in 3 cases 
and in the operating room in 3. This inci- 


dence compares with that of 1.66 per cent in f 
the local group, in which suture was done in fF 
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the operating room in 2 cases and on the 
ward in 4. 

The average hospital stay postoperatively 
was essentially the same in both groups, 
5.83 days for the spinal and 5.98 days for the 
local anesthesia group. Peculiar to the spinal 
series was a 5.3 per cent incidence of post- 
spinal headaches. Both hypobaric and hy- 
perbaric spinal solutions were used com- 
bining 6 milligrams of pontocaine with 
either distilled water or glucose. There was 
1 abscess of questionable etiology in the 
local group which occurred 2 weeks post- 
operatively. This was superficial in nature 
and responded to incision and drainage. 


TECHNIQUE OF ADMINISTRATION 


The technique of administration of the 
local anesthetic closely followed that of 
Schneider, except for several variations. It 
was found early that adequate sedation of 
the patient was an essential feature of local 
anesthesia, as good relaxation of the anal 
sphincter could not be obtained in a nervous 
and apprehensive patient. The preoperative 
medication, therefore, consisted of 3 grains 
of sodium butisol given the night before sur- 
gery and repeated 2 hours prior to surgery; 
Y grain of morphine sulfate and 1/100 grain 
of scopolamine hydrobromide were then 
given 45 minutes before surgery. In an ex- 
tremely nervous patient it was occasionally 
necessary to administer 50 milligrams of 
demerol intravenously just prior to ay: 
Proper sedation is essential. 

The anesthetic solution itself is _ by 
the dilution of a 5 cubic centimeter vial of 
20 per cent novocain-cobefrin (.06 per cent) 
with 95 cubic centimeters of saline making a 
1 per cent solution of novocain and .01 per 
cent solution of cobefrin—the latter being a 
vasopressor. To 60 cubic centimeters of this 
solution is then added 2 ampules of wydase, 
each ampule of wydase containing 150 tur- 


bidity reducing units of hyaluronidase, a 


mucolytic enzyme that hydrolyzes hya- 
luronic acid which forms the tissue barrier to 


| the diffusion of fluid. The patient is placed 
| In the prone jackknife position and the peri- 
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anal area is thoroughly cleansed with G-11 
soap. Perianal infiltration is then carried 
out by making a small wheal posteriorly 
with a No. 25 gauge needle and continuing 
the injection in a diamond shape fashion 
about the anus with a No. 22 gauge needle 
and injection of 30 to 35 cubic centimeters 
of the solution. Then by beginning just dis- 
tal to the anal verge in each lateral quadrant 
8 to 10 cubic centimeters of solution are in- 
troduced in a fan-shaped fashion beneath 
the skin of the anal canal. A small Hill- 
Ferguson anoscope is then introduced and 
2 cubic centimeters of solution are injected 
submucosally in each primary hemorrhoidal 
group, the needle being inserted just distal 
to the dentate line. 

Relaxation of the anal sphincter occurs 
almost immediately following injection of 
the anesthetic solution. There is no distor- 
tion of the tissues. Average duration of the 
anesthesia is 1 hour or longer when a total 
volume of 60 cubic centimeters or more of 
anesthetic solution are used. 


ADVANTAGES OF LOCAL OVER SPINAL ANES- 
THESIA 


Perianal infiltration with a procaine hy- 
aluronidase vasopressor solution is a simple 
procedure which can be readily learned and 
easily given as compared to spinal anes- 
thesia. 

Injection of the anesthetic solution can be 
accomplished in 3 to 4 minutes and the 
operation begun immediately. 

Relaxation of the anal orifice is usually 
superior to that of spinal anesthesia. 

Use of the vasopressor, cobefrin, results in 
a comparatively dry field, making the dis- 
section of the hemorrhoidal tissue from the 
sphincter a relatively simple procedure and 
necessitating fewer sutures to control bleed- 
ing with less postoperative pain. 

Whenever the same result can be ac- 
complished with a local as with a spinal 
anesthetic, there is no question but that the 
local is the safer. Relief from postspinal head- 
ache, lack of hypotension with less danger of 
coronary thrombosis in those patients with 
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coronary insufficiency, and removal of the 
frequent complaint of backache—real or 
imagined—are of great advantage. 

Patients readily accept a local anesthetic. 
The fear of spinal anesthesia is more wide- 
spread than realized. 

Patients with acutely edematous hemor- 
rhoids may be operated upon the same day 
following the injection of a local anesthetic 
containing hyaluronidase. The edema dis- 
appears immediately. Thus discomfort is 
avoided, time and money are saved, and 
hospital beds are conserved. 

Postoperative urinary retention is the 
most common complication seen in ano- 
rectal surgery and can be reduced to a mini- 
mum with the use of a local anesthetic. 


DISADVANTAGE OF LOCAL ANESTHESIA 


In an analysis of 100 cases of the local 
anesthesia group, 82 per cent of the patients 
developed a hypertension of 5 to 39 milli- 
meters of mercury, and 18 per cent showed 
an increase of 40 to 80 millimeters of mer- 
cury above their normal pressure. In 1 case 


October 1956 


it was necessary to use amy] nitrite when the 
pressure went over 200 millimeters of mer- 
cury. This hypertension is transient, disap- 
pearing in 10 to 15 minutes. Inhalation of 
amy] nitrite will promptly bring the pressure 
to normal. The blood pressure should be 
checked every minute or so for the first 5 to 
10 minutes following administration of the 
anesthetic solution. In those patients with 
severe hypertension the vasopressor should 
be omitted and hyaluronidase simply com- 
bined with 1 per cent procaine. Relaxation 
is excellent although hemostasis is not the 
same and the duration of anesthesia is slightly 
less. 


SUMMARY 


From an analysis of 300 spinal anesthesias 
and 300 local anesthesias given for anorectal 
surgery it is concluded that procaine hyalu- 
ronidase vasopressor solution injected peri- 
anally offers many advantages over the use 
of a spinal anesthetic. Its routine use is in- 
dicated for all anorectal surgery other than 
the treatment of abscesses. 
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THE MANAGEMENT OF ASCITES WITH 


RADIOACTIVE GOLD 





RICHARD J. IRETON, M.D., and JOHN C. ULLERY, M.D., F.A.C.S., Columbus, Ohio 


RADIOACTIVE COLLOIDAL GOLD, Au, is a 


valuable therapeutic agent in the treatment 
of ascites due to tumor. As experience in 
the use of Au’ has increased, various groups 
have reported their results with recommen- 
dations as to proper dosage, timing of treat- 
ment, and selection of cases. Our experi- 
ence, in a teaching center, now includes 40 
cases and evaluation of our results is indi- 
cated. 

Radioactive colloidal gold has been used 
in the treatment of ascites at University 
Hospital since 1952. Since that time, 40 pa- 
tients with ascites have been treated, with a 
total of 43 treatments—3 patients receiving 
2 treatments. A complete follow-up has 
been obtained and all patients were fol- 
lowed for a minimum of 2 months after 
treatment. This follow-up was obtained 
through the outpatient clinic records, let- 
ters to referring and family physicians, and 
personal interviews. Particular attention 
was paid to the period immediately follow- 
ing the administration of the Au™, especial- 
ly in regard to complications, time interval 
prior to return of ascites, and relief of pain. 
Of the 40 patients who were treated, 4 had 
no ascites prior to treatment and developed 
no ascites after treatment. Although these 
will be referred to later, these cases were 
not included in the study. One patient, 
with ascites and a previous diagnosis of tu- 
mor, was found at autopsy to have marked 
portal cirrhosis, enlarged intra-abdominal 
veins, and no evidence of tumor. This pa- 
tient was also excluded from the series. 
Therefore, 35 patients with ascites due to 
tumor were those who were considered in 
our series. 


From the Department of Surgery and the Department of Ob- 
stetrics and em The Ohio State University College of 
Medicine, Columbus, Ohio. 


The Au’ used in the treatment was a 
standard commercially available prepara- 
tion. The physical and chemical properties 
of this material, as well as distribution and 
pathologic effects, have been described by 
other authors and are well known. It was 
administered in amounts varying from 35 
to 150 millicuries. As the average amount 
given those who improved was 105 milli- 
curies and the average given those not im- 
proved was 106 millicuries, the dosage ad- 
ministered did not appear to contribute to 
the final result. 

The Au’ was administered in a similar 
fashion in all cases. The technique for dilu- 
tion and administration of the Au! was 
developed by the Department of Radiation 
Therapy of this hospital and has been re- 
ported elsewhere (2). In brief, the Au’ was 
instilled via a polyethylene tube previously 
inserted into the peritoneal cavity. In one 
group the tube was placed into a free por- 
tion of the peritoneal cavity, at the time of 
surgery, and then brought out through a 
stab wound. All fluid was removed at the 
time of surgery and the Au’ was given sev- 
eral days later to avoid possible leakage 
from the operative wound. In the remaining 
group, a paracentesis was performed, all 


TABLE I.—TYPES OF TUMOR 


No. of cases 
CONNIE es os os 
Adenocarcinoma—21 
Granulosa cell— 1 
Stomach (adenocarcinoma) 
Pancreas (adenocarcinoma) 
Breast (adenocarcinoma). . 
Colon (adenocarcinoma). . 
Poorly diff. adenocarcinoma 
Cervix (epidermoid carcinoma). . 
Mesothelioma................. 
Rhabdomyosarcoma 
Sarcoma botryoides. 
RMN aioriaitind Backs 
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TABLE II.—PATIENTS WITH COMPLETE REMISSION OF ASCITES (GROUP I, 9 CASES) 


Type of tumor Other treatment 





Patient No. and metastasis Pre. Post. 
Living 
Ovary Surgery, Surgery 
(small) radiation 
2 Ovary None None 
(unknown) ; 
3 Ovary Surgery, Radiation 
(large) radiation 
4 Ovary Surgery Radiation 
(small) 
5 Ovary None None 
(unknown) 
Dead 
6 Cervix Radiation None 
(large) 
7 Ovary Radiation Radiation 
(large) 
8 Ovary Surgery, None 
(large) radiation 
9 Ovary, gran- Surgery Radiation 
ulosa cell 
(large) 





Followed over 10 weeks. 








Para- Pain Follow-up 
centesis Pre. Imp. interval, mos. 
No Yes Yes 17 
Yes Yes Yes 14 
Yes Yes Yes 3.5 
Yes No — 3 
No Yes Yes 2.5 
No Yes No 8 
Yes Yes Yes 8 
No No —_— 7 
No Yes No 2:5 


TABLE III.—PATIENTS WITH TEMPORARY REMISSION OF ASCITES (GROUP II, 7 CASES) 





Type of tumor ____Other treatment_____- —— Paracentesis — || a Follow-up 
Patient No. and metastasis Pre. Post. Pre. Post. Pre. Imp. interval, mos. 
Living 
10 Pancreas None None No No Yes Yes 6 
(small) 
11 Ovary Radiation None Yes Yes Yes Yes 4 
(unknown) 
12 P.D. adenocarcinoma None None No No Yes No 5 
(large) 
13 Ovary Surgery, Au! No Yes Yes No 2 
(large) radiation (no effect) 
Dead 
14 Ovary None Surgery No Yes Yes Yes 5 
(large) (10) 
15 Ovary Surgery Radiation Yes No No — 3 
(small) Au!, (no (0) 
effect) 
16 Breast Surgery, None Yes Yes Yes Yes & 
(unknown) radiation (10) 
Remission for at least 6 weeks. 
() Duration of life after recurrence. 
RESULTS 


possible fluid evacuated, and the polyethy- 
lene tube introduced via the trocar. The 
Au™® was administered diluted with 100 to 
500 cubic centimeters of normal saline solu- 
tion. The solution was allowed to drip 
through the tubing, and when completed, 
the tubing was removed and the opening 
closed with a purse-string suture. There 
were no mechanical difficulties encountered 
and there was no excessive exposure to 
radiation. 





There were 35 patients with proved as- 
cites secondary to tumor. Three of these pa- 
tients received a second Au" treatment, for 
a total of 38 treatments. There were 3 males 
and 32 females with an average age of 55 
years, the youngest 29 and the oldest 75 
years old. The type of tumor varied (Table 
I) but the majority were some type of 
adenocarcinoma. Two-thirds of the adeno- 
carcinomas were primary in the ovary. 





Pat 
Liv 


Die 


mos. 


“up 


mos. 
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TABLE IV.—PATIENTS WITH NO REMISSION OF ASCITES (GROUP III, 19 CASES) 





Type of tumor _—Other treatment____ ——Paracentesis_ ee Follow-up 
Patient No. and metastasis Pre. Post. Pre. Post. Pre. Imp. interval, mos. 
Living 
17 Mesothelioma Surgery, None Yes Yes Yes Yes 9 
(unknown) radiation 
18 Ovary Radiation None Yes Yes Yes No 5 
(large) 
Dead 
19 Ovary Surgery None No Yes Yes Yes 6 
(unknown) 
20 Ovary Surgery, None No Yes Yes No + 
(large) radiation 
21 Stomach None None No No Yes No 3.5 
(large) 
22 Ovary Radiation None Yes Yes Yes No 3 
(large) 
23 Colon None None Yes No No — 2 
(large) 
24 Ovary None Au! No No Yes No 2 
(large) (No effect) 
25 Breast Surgery, None No No Yes No 2 
(large) radiation 
26 Stomach None None No No Yes Yes 2 
(small) 
Died in less than 6 weeks (Days) 
27 Ovary Radiation None No Yes Yes No 43 
(large) 
28 Rhabdomyosarcoma Surgery, None No Yes Yes — 40 
(small) radiation 
29 Ovary None None No No Yes No 36 
(large) 
30 Pancreas None None No Yes Yes No 33 
(large) 
31 Stomach None None No Yes Yes No 32 
(small) 
32 Ovary Radiation None Yes Yes Yes Yes 31 
(large) 
33 Ovary Surgery, None No No No — 28 
(large) radiation 
34 Ovary Surgery, None Yes Yes No — 28 
(large) radiation 
35 Sarcoma botyroides Surgery, None Yes Yes No —_— 23 
(large) radiation 


As can be seen in Tables II, III, and IV, 
the patients were divided into 3 groups. 
Group I is composed of patients with no 
evidence of reaccumulation of ascites at the 
time of follow-up or death. There were 9 
patients in this group, 5 of whom are still 
living after from 2.5 to 17 months. Group 
II consists of patients who had a remission 
of ascites for at least 6 weeks. There were 7 
patients in this group, 4 of whom are still 
living after from 2 to 6 months. Group III 
consists of those patients in whom there was 
no remission or only transient remission of 
ascites. There were 19 patients in this group. 
Nine of these patients expired within 6 
weeks of treatment and only 2 are still liv- 


ing, for 5 and 9 months, respectively. It is 
possible that a longer follow-up period will 
shift certain patients from group I to group 
II, but there will be no additions to group 
III. 

As can be seen in all 3 groups, a recording 
was made of the type of tumor as well as of 
the type of metastasis (when known). Other 
forms of treatment, both before and after 
Au, were recorded. The incidences of 
paracentesis before and after Au’ treat- 
ment were recorded. Since it was of interest 
to follow other possible benefits of Au’, the 
presence of pain and its alleviation following 
Au! were recorded. The entire series was 
carefully studied for complications and 








35 
DIED IN LESS 
CO) THAN 6 WEEKS 





100% 





TOTAL 
CASES 


NO REMISSION 
REMISSION 


Fic. 1. The remission of ascites following administra- 
tion of Au, 


those which were even remotely connected 
to the Au treatment were recorded (Table 
V). 

A questionnaire was sent to the family 
physicians of patients who were specifically 
referred to this institution for Au! therapy. 
In addition to the routine questions, 4 spe- 
cific questions were asked and further com- 
ments were requested. ‘Twenty-two replies 
were adequately completed and are pre- 
sented in Table VI. 


DISCUSSION 


As can be seen, 1 in every 4 patients had 
complete remission of ascites. One in 5 had 
partial remission of ascites; and by combin- 
ing the two groups, 46 per cent, or almost 
one-half, had some relief from ascites. If one 
excludes those patients who did not live long 
enough to show results, 60 per cent had 
some relief. These figures are in close agree- 
ment with other reported series. 

Why does one patient obtain relief and 
another not? We cannot answer this ques- 
tion completely, but from our material sev- 
eral deductions may be drawn. The method 
of administration and the amount of Au’ 
given have no effect since they were the 
same in all 3 groups. The importance of the 
type of tumor has previously been stressed. 
This does not appear too important since in 
group I, 8 out of 9 were adenocarcinomas of 
varying types, all 7 of group II were adeno- 
carcinomas, while 16 out of 19 in group III 
were adenocarcinomas. It should be noted 
that in the 3 patients with sarcomatous le- 
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sions there was no remission so perhaps 
whether the tumor is a carcinoma or a sar- 
coma is important in prognosis. Previous au- 
thors have stressed the importance of the size 
of the metastasis. They have indicated that 
patients with small metastases have a better 
chance for relief of ascites than those with 
large tumor masses. Although one-half the 
patients in groups I and II had small me- 
tastasis compared to one-fifth of those in 
group III, the small size of the series and the 
possible character of the unknown make only 
general conclusions possible. 

Little correlation may be obtained by 
comparing treatment prior to Au! adminis- 
tration among the 3 groups. Without taking 
into account the obvious terminal nature of 
many in group III, there were no significant 
differences. If the patients who received 
treatment after the Au’ are considered, an 
apparent difference is encountered—1 in 2 
in the first two groups in contrast to 1 in 19 
in the third. If the factor of the terminal state 
of the third group and the factor of a very 
short existence following Au’ therapy is 
considered, the difference might not be as 
great. If the 2 sets of figures are combined, 
three-fourths of groups I and II received 
some other treatment and two-thirds of group 
III received other treatment. On this basis, 
there is very little difference among the 3 
groups. 

It is obvious that the general condition 
of the patients is important. In group III, 
one-half expired in less than 6 weeks. These 
were all terminal cases and little benefit 
could have been expected. Had these pa- 
tients not been treated, a higher percentage 


TABLE V.—COMPLICATIONS OF AU"? THERAPY IN 
43 ADMINISTRATIONS 


No. of cases 

Unable to give full dosage due to malfunction of 

nn INA ee eerie or Cerne oc 1 
Repeated paracentesis due to inability to correctly 

place tubing........ BHA ee aires Mol STS 1 
Transient leucopenia... ... neice 1 
Right flank pain—48 hours. . . ane Pete aes 1 
Cul-de-sac abscess, remote (found at laparotomy 

TET OTe 1 
Cul-de-sac abscess requiring I & D (patient also 

PRN eSiois ocr csc Ces Re haboeer ees 1 
Temperature elevation—103° (patient also postop.) 1 
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of good results would have been obtained. 
Also, one might deduce that earlier treat- 
ment would have benefited some of these 
terminal patients. Certain authors have ad- 
vocated the use of prophylactic Au™. A pre- 
vious autopsy series reported by Clarke in- 
dicated that 3 in 10 consecutive tumor pa- 
tients died with ascites. As mentioned earlier, 
there were 4 patients who never had had 
ascites, but received Au! and never de- 
veloped ascites. This is too small a group 
from which to draw any conclusions, but 
since earlier treatment gives better results 
and 30 per cent will develop ascites before 
death, prophylactic use of Au’ should be 
considered. 

Although this survey is directed at the re- 
lief of ascites, the concomitant effect on pain 
cannot be overlooked. Four out of 5 pa- 
tients had pain prior to treatment. One-half 
received complete or partial relief. Although 
pain may be due to the ascites alone, there 
were 4 patients in group III who obtained 
relief of pain. Certainly the effect on pain is 
a worthwhile factor in considering the use- 
fulness of Aul®®, 

Complications were uncommon and rela- 
tively minor. Although 6 recorded compli- 
cations have been listed (Table V), only 2 
can definitely be attributed to the Au’, 
whether given therapeutically or prophylac- 
tically. 

The questionnaires sent to referring physi- 
cians produced 22 adequate replies (Table 
VI). Nearly all physicians would resubmit 
their patients for treatment. The majority of 
patients felt improved after treatment and 


TABLE VI.—RESULTS OF QUESTIONNAIRES IN 22 





CASES 

Group___ 

i #2 

LCC err 5 5 © 
Patient felt improved by Au’... 5 4 3 
Physician felt patient benefited... .. . 5 4 2 
*Patient would resubmit to Au!. s 2 4 
tPhysician would resubmit patient...... .. 5 4 9 


Physician would treat sooner in 12 cases. 
Physician would repeat Au! in 3 cases. 


These cases were specifically referred for treatment and an adequate 
reply to questionnaire was received. 

“No comment, 8. 

tNo comment, 2. 
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NO REMISSION 
28 CJ OF ASCITES 


REMISSION 
Lad OF ASCITES 














100% 








TOTAL CASES 


RELIEF OF 
WITH PAIN PAIN 


Fic. 2. The alleviation of pain after the administration 
of Au, 


would return for treatment. The majority of 
the physicians felt that the treatment should 
have been given earlier and are therefore in 
agreement with us. Several of the physicians 
believed that the Au’ should have been re- 
peated even though it only benefited the 
patient’s mental outlook. 

We feel strongly that Au™ should be used 
earlier rather than as a terminal affair. As 
mentioned before, the referring physicians 
are in agreement. Prophylactic treatment, 
especially in the adenomatous tumors with 
or without metastases at the time of surgery, 
is probably indicated. Other authors agree 
with this statement, although some believe 
it should be used only if there is possible 
operative seeding. It is our opinion that the 
risk of complications in overtreatment is 
small when compared to the possible advan- 
tages. 


SUMMARY AND CONCLUSIONS 


1. Thirty-five cases of ascites due to tu- 
mor have been presented with complete 
follow-up. 

2. One-fourth of these patients showed 
complete remission of ascites (for the period 
of the survey). 

3. One-half showed some remission of as- 
cites. 

4. Various factors for the differences in 
the 3 groups were discussed with the follow- 
ing conclusions: (a) Type of tumor was of 
some importance since none of the patients 
with sarcomas had remissions. (b) Type of 
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metastasis with the smaller being more fa- 
vorable was of some significance but was 
only indicated, not proved. (c) Treatment 
prior to Au’ therapy, treatment after Au’ 
therapy, or combination of the two, whether 
surgery, radiation, or both, was of little sig- 
nificance in the remission of ascites. (d) Gen- 
eral condition of the patient attained im- 
portance in view of the fact that one-half 
of the patients experiencing no remis- 
sion expired soon after treatment was ad- 
ministered. 

5. One-half of the patients with pain had 
relief. 


6. Complications were few, and those 
solely attributable to Au™® were uncommon 
and minor. 

7. Results of a survey submitted to 22 re- 
ferring physicians were listed. 

8. A final plea for the earlier use of Au’ 
was made with the suggestion that it should 
be used prophylactically. 
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HYPOFIBRINOGENEMIA IN SURGICAL PATIENTS 





LOUISE LANG PHILLIPS, Ph.D., PETER T. ROWLEY, M.D., and 
DAVID V. HABIF, M.D., F.A.C.S., New York, New York 


AFIBRINOGENEMIA as a Cause of severe hemor- 
rhage in obstetric patients has been the sub- 
ject of a number of reports in recent months. 
This condition has usually been associated 
with such obstetric emergencies as abruptio 
placentae, amniotic fluid infusion, or the 
dead fetus syndrome in which extracts from 
tissues such as decidua, placenta, or amniotic 
fluid presumably may have obtained en- 
trance into the maternal circulation. The 
fibrinogen is conceivably removed as a result 
either of hydrolysis by a fibrinolysin acti- 
vated by the tissue extracts (6) or of deposi- 
tion as fibrin emboli. Fibrinogen levels in 
these patients frequently fall to values of less 
than 50 milligrams per 100 milliliters of 
plasma, but normal levels can usually be 
rapidly restored by intravenous infusion of 
fibrinogen with resulting control of the hem- 
orrhagic diathesis. 

Lowered fibrinogen levels have also been 
reported in surgical patients. Coon and 
Hodgson have reported cases of severe hem- 
orrhage accompanied by hypofibrinogene- 
mia and fibrinolysis following surgery. 
Hodgkinson and associates have shown that 
extensive surgery may result in a slight de- 
crease in fibrinogen levels (by approximately 
12 per cent) even in those cases in which ab- 


| normal hemorrhage is not a complicating 


factor. Truelove showed that an active fibri- 
nolysin was present postoperatively in the 
blood of 70 per cent of surgical patients. Scott 


| and associates believe that the presence of an 
active proteolytic enzyme in the plasma of 
| Surgical patients may be responsible for both 
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ork, 


the hemorrhage and shock which is occasion- 
ally encountered even in patients with nor- 
mal fibrinogen levels. 

The present report contains case histories 
of 9 surgical patients with hemorrhagic di- 
athesis of the type generally associated with 
hypofibrinogenemia. (The term hypofibrin- 
ogenemia is used in these cases to distinguish 
between low levels and almost total lack of 
fibrinogen as encountered frequently in ob- 
stetrics.) The symptoms include diffuse ooz- 
ing from incised tissues, venipunctures, and 
occasionally from the mucous membranes. 
From 2 of these patients, blood was obtained 
only postmortem. At autopsy this blood re- 
mained completely fluid with no signs of 
coagulation, nor were clots found within the 
tissues. Determinations on these samples re- 
vealed little or no fibrinogen in the plasma 
and the presence of an active fibrinolytic 
enzyme could be demonstrated. In other 
cases, fibrinogen levels under 200 milligrams 
per 100 milliliters of plasma, which is con- 
sidered the lower limit of normality, were 
frequently found. Although these levels were 
between 125 to 175 milligrams per cent (a 
level not generally believed dangerous), 
bleeding typical of that from hypofibrin- 
ogenemia was encountered. 

Multiple transfusions given routinely dur- 
ing the operative procedure may have kept 
these levels from falling as low as those ob- 
served in obstetric patients to whom blood is 
given only after unusual bleeding is noted. 
On the other hand, it may be that somewhat 
higher levels than those of from 100 to 150 
milligrams per cent, considered minimal for 
hemostasis, may be required in cases of exten- 
sive surgery. In most instances, evidence of 
proteolytic activity could be demonstrated 
either by means of lysis of clots, by hydrolysis 
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of fibrinogen or casein as determined spec- 
trophotometrically, or by the presence of 
increased trichloracetic acid soluble hydroly- 
sis products in the plasma. 


METHODS 


Fibrinogen determinations are made by 
the method of Ratnoff and Menzie. This 
method has been found highly satisfactory, 
particularly since the size of the clot obtained 
in the first step of the determination gives a 
fairly reliable qualitative result which may 
be acted upon in an emergency without 
waiting for the completion of the quantita- 
tive determination. 

Fibrinogenolytic activity is determined by 
incubating a small quantity of plasma with 
0.5 per cent bovine fibrinogen solution for 2 
hours at 37 degrees C. The proteins are pre- 
cipitated with trichloracetic acid and the 
optical density of the supernatant fluid read 
in a Beckman spectrophotometer at 280 
millimicrons. The increase in optical density 
is a measure of the tyrosine released by hy- 
drolysis and can be converted into units of 
fibrinogenolytic activity by reference to a 
standard curve, similar to that employed by 
Kunitz, using streptokinase activated fibri- 
nolysin prepared by the method of Lewis 
and Ferguson. 

Streptokinase activatable fibrinogenolysis 
is determined in a similar manner to that 
already mentioned by the addition of strep- 
tokinase to the plasma fibrinogen mixture. 
This is a measure of the potential fibrino- 
genolytic activity which is not inhibited by 
antifibrinolysin in the plasma. An increase 
in streptokinase activatable fibrinogenolysin 
may indicate an increase in profibrinolysin, 
a decrease in inhibitors, or both. On the 
other hand, a low value may indicate either 
that inhibitors have risen or that profibrinol- 
ysin has been previously activated and is, 
therefore, present in lower concentrations. 
Because of the multiplicity of factors in- 
volved, these results are somewhat difficult 
to interpret. However, they have been in- 
cluded since their significance may become 
clearer as more data are accumulated. 


Fibrinolytic activity is measured by a 
modification of Coon’s serial dilution meth- 
od. Only complete disintegration of a plasma 
clot is considered indicative of lysis in a tube. 
Scoring can range from — to +6, depend- 
ing upon the number of tubes in which lysis 
has occurred. 

Optical density of hydrolysis products.— 
Since the above enzyme activities are quite 
labile, they are sometimes difficult to de- 
termine in vitro. However, increased hy- 
drolysis occurring intravascularly can some- 
times be detected by measuring the optical 
density of the trichloracetic acid soluble 
products of the plasma at different wave 
lengths. An increased optical density of the 
supernatant fluid, after precipitation of pro- 
teins with trichloracetic acid, indicates that 
abnormal hydrolysis has occurred. The 
wave length, at which increased absorption 
is found, gives some evidence as to the na- 
ture of the hydrolysis products. 

Complete details of the methods used have 
been given elsewhere (7). 


MATERIALS 


Blood samples were drawn by venipunc- 
ture and placed in bottles containing dried 
potassium oxalate to prevent coagulation. 
The plasma was then removed by centrifuga- 
tion. 

Profibrinolysin for calibration curves was 
prepared by the method of Lewis and Fer- 
guson using recalcified human plasma ob- 
tained from overage blood from the blood 
bank. 

Phosphate buffer at pu 7.4 in 0.90 per 
cent sodium chloride was used. In most 
cases 0.05 molar solution of phosphate was 
employed. However, the profibrinolysin was 
dissolved and stored in 0.01 molar solution 
of phosphate. 

Bovine fibrinogen powder was dissolved to 
a concentration of 2 per cent in phosphate 
buffer. Since this powder contains 42 to 48 
per cent clottable protein, this solution will 
contain approximately 0.9 per cent fibrino- 
gen. This solution was diluted 1 to 1 for de- 
termination of fibrinogenolytic activity. 
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TABLE I.—SUMMARY OF CASES 


Prothrombin, 
Patient Diagnosis Operation Anesthesia Fibrinogen Fibrinolysin Secs. Platelets Treatment Outcome 
J.R. Carcinoma, Abdominal ThiopentalNa, 110 5 hrs. 23 Adequate 3 gm. fib. Died 
rectum perineal nitrous oxide, +++++4+ on 26,000 ml. W.B. postop. 
resection _ succinyl smear 2,400 ml. other 12 hours 
chloride fluids 
Vit. K-ACTH 
S.B: Cushing’s Left adren- ThiopentalNa, 126 +++ 130,000 1 gm. fib. Alive 
syndrome alectomy nitrous 3,000 ml. W.B. 
oxide-oxygen 1,000 ml. other fluids 
Vit. K 
C.V. Abdominal Resection ThiopentalNa, 164 2 hrs. 12 237,000 2.7 gm. fib. Alive 
aneurysm and graft ether eer 12,000 ml. W.B. 
2,000 ml. dextran 
5,500 ml. other 
fluids, vit. Ki 
Ca gluconate 
30 hrs. later graft 
reinforced 
S.A. Carcinoma, Radical Thiopental Na, 156 Fe 14 1 gm. fib. Alive 
breast mastec- nitrous oxide- 1,000 ml. W.B. (hepatitis 
tomy oxygen 1,000 ml. dextrose 4months 
500 ml. dextran later) 
DF. Tonsil- Cyclopropane, 126 ++ 1 gm. fib. Hepatitis, 
lectomy ether died 
N.P. Cirrhosis | Portacaval Thiopental Na, 131 ++ 17 80,000 11,500 ml. W.B. Alive 
shunt ether, curare 1,000 ml. other 
fluids 
Ca gluconate 
C.C. Chronic Total Thiopental Na, 164 ? 4 gm. fib. Died 
relapsing pancreat-_ ether, 11,500 ml. W.B. 70 hours 
pancrea- ectomy curare 1,500 ml. other postop. 
titis fluids 
ACTH-cortisone 
J.T. Cholecysti- Cholecyst- Thiopental Na, Some . 16.5 13,000 ml. W.B. Died 
tis, chole- | ectomy cyclopro- (post Vit. Ki 12 hrs. 
docholi- pane, mor- Vit. C postop. 
thiasis ether, nitrous tem) 
oxide-oxygen, 
succinyl- 
choline 
R.A. Peptic Partial Thiopental Na, None ++++++ 25 21,500 ml. W.B. Died 
ulcer, gastrec- cyclopropane, (post 1,000 ml. plasma 25 hrs. 
cirrhosis tomy oxide,nitrous mor- 500 ml. dextran postop. 


ether, curare tem) 


Commercial thrombin (bovine origin), 
containing 1,000 National Institute of Health 
units per milliliter, was used. 

Streptokinase was dissolved in 0.05 molar 
solution of phosphate to give a solution con- 
taining 10,000 units per milliliter. 


RESULTS 


Table I summarizes the cases which will 
be presented. A wide variety of operations 
are included which would seem to indicate 
that hypofibrinogenemia can occur in almost 
any operative procedure. No responsibility 
to type of anesthesia can be established since 


650 ml. other fluids 
Vit. K. Ca gluconate 


the proportion of cases receiving a particular 
drug corresponds roughly to that used in sur- 
gical patients throughout the hospital. 

Of the group receiving fibrinogen (includ- 
ing an additional 10 obstetric patients) 2 
have since developed homologous serum 
jaundice. One of these patients died of acute 
yellow atrophy. Two obstetric patients have 
received this same lot number of fibrinogen 
with no signs of jaundice after 6 months. 

Table II gives results of fibrinolysin stud- 
ies on a group of normal nonpregnant con- 
trols for comparison with those obtained on 
the patients whose case histories follow. 





TABLE II.—RESULTS OF FIBRINOLYSIN STUDIES 
ON NORMAL SUBJECTS 
x7108 
Fibrinogen, Fibrinogenolysis, Optical density 
Patient mgm. percent Active Sk. act. Fibrinolysis 260 280 295 


L.P. 234 0 1.0 + 46 69 37 
D.M. 224 0 1.5 —_ 29 52 26 
B. 449 0 17 _ 17 64 38 
O. 306 0 2.6 - 25 74 47 
DS. 262 Not done..... — 46 61 38 
R.R. 230 Not done..... _ 66 79 54 


CASE REPORTS 


Case 1. J. R., a 43 year old negro porter, was ad- 
mitted on July 5, 1954, for an abdominal perineal re- 
section and anterior colostomy. A previous biopsy had 
demonstrated an adenocarcinoma at the base of an 
adenomatous rectal polyp. Prothrombin time was 15 
seconds with a normal of 14 seconds. Hemorrhage 
during the operation beginning at 8 a.m. was moder- 
ate, but not excessive for this type yperation. Blood 
replacement was 2,000 milliliters with added calcium 
gluconate. Hemostasis was thought adequate at its 
close when suddenly no blood pressure was obtainable. 
About 2,000 milliliters of blood were given with mild 
response of vital signs. Thirty minutes after the patient 
was taken to the recovery room, the 5 yard roll in the 
perineal wound was found to be saturated with blood. 
No specific bleeding point could be found; all surfaces 
oozed freely. Gelfoam gauze and two 5 yard rolls were 
inserted and manual pressure applied for 45 minutes 
with the restoration of blood pressure to 120/60. Fi- 
brinogen concentration at this time (5 p.m.) was 150 
milligrams per cent. Five milligrams of vitamin K 
were given intravenously. At 7:30 his blood pressure 
had fallen to 62/40, the extremities were cool, and 
the nail beds cyanotic. Blood under pressure and 3 
grams of fibrinogen were given. It was evident that 
there was bleeding not only from the perineal wound 
again, but also from the abdominal wound. The ab- 
domen was becoming distended, and he began to 
vomit large quantities of unclotted blood. Twenty-five 
milligrams of ACTH were given intravenously. The 
third time the systolic pressure fell to 50 millimeters, 
the patient was returned to the operating room. The 
removal of the perineal packing under ether anesthe- 
sia revealed brisk oozing from all raw surfaces. Topical 
thrombin, gelfoam oxycel pads, and three 5 yard rolls 
were inserted under firm manual pressure and the 
perineal wound sutured. The abdominal wound edges 
were ecchymotic, the sites of venipunctures performed 
that morning began to ooze, and his gums began to 
bleed spontaneously. At 11:30 p.m., after large scale 
blood replacement his hematocrit was 39.4 per cent; 
venous clotting time was 28 minutes; prothrombin 
time 23 minutes; platelets appeared adequate onsmear; 
fibrinogen had fallen to 110 milligrams per cent in 
spite of administration of 3 grams; and a clotted speci- 
men taken 6 hours previously had lysed, indicating the 
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presence of a circulating fibrinolysin. Nasal oxygen 
was begun. At 12:30 his blood pressure was 40/0, 
pulse 132, and the patient was restless and complain- 
ing of pain. Breathing stopped and artificial respiration 
was begun. Additional fibrinogen was started intra- 
venously. At 1:30 there were no heart sounds. The pa- 
tient had received 26,000 milliliters of whole blood, 3 
grams of fibrinogen, and 2,400 milliliters of other 
fluids in 17 hours. 


Too little fibrinogen may have been given 
too late in this instance. At the time the first 
sample for fibrinogen determination was 
drawn the patient had received approxi- 
mately 25 pints of blood. A level of 150 milli- 
grams per cent (Table III) was not then 
considered abnormally dangerous, so fibrin- 
ogen therapy was delayed another 3 hours 
until symptoms of extreme hemorrhage had 
made themselves evident. When, in spite of 
3 grams of fibrinogen and an additional 20 
units of blood, the fibrinogen had fallen to 
110 milligrams per cent it was apparent that 
fibrinogen was being rapidly destroyed intra- 
vascularly. Fibrin clots which had been set 
up in vitro earlier had also been lyzed by 
this time. Had it been realized when hemor- 
rhage first started that levels between 100 
and 200 milligrams could be dangerous, 
particularly when massive transfusions have 
been given, fibrinogen therapy in quantities 
large enough to raise the level to normal 
limits might have succeeded in controlling 
the hemorrhage. 

Although fibrinogen levels at 11:45 p.m. 
were lower than at 5:00 p.m. it is evident 
from Table III that the fibrinolytic activity 
was decreasing, as determined by the ob- 
served lysis and by the concentration of hy- 
drolysis products as measured by optical 
density. It was unfortunate that fibrinogen 
levels were not followed more closely during 
this interval in order to judge more effec- 
tively the quantity of intravenous fibrinogen 
needed to bring the blood to normal levels. 


Case 2. S. B., a 30 year old white male lawyer, was 
admitted to the hospital on September 8, 1954, with 
a diagnosis of Cushing’s syndrome. Previous admis- 
sions to another hospital included an exploratory op- 
eration which resulted in a poorly healed wound and 
eventually in an infected pancreatic fistula. Three 
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TABLE III.—FIBRINOLYSIN STUDIES IN CASE 1 


x10 
Fibrinogen, —Fibrinogenolysis_ Optical density. 
Time of sample mgm. per cent Active Sk. act. Fibrinolysis 260 280 295 
8:00 A.M. Op. started 5 hours 
5:00 P.M. 150 0 8.8 +++4+4++ 114 170 107 
7:30 P.M. 3 grams Fibrinogen given 8 hours 
11:45 P.M. 110 0 8.0 ree 88 146 % 
TABLE IV.—FIBRINOLYSIN STUDIES IN CASE 2 
x108 
Fibrinogen, _Fibrinogenolysin_ Optical density 
Time of sample mgm. per cent Active Sk. act. Fibrinolysin 260 280 295 
3:00 P.M. Op. started 
8:00 P.M. 126 0 1.8 a oo 107 237 203 
9:00 P.M. 1 gram fibrinogen given 
10:00 P.M. 228 0 1.9 ++ 65 96 69 
11:00 A.M. 340 0 1.6 = 78 88 55 
3 days 390 0 1.3 — 56 84 52 


months later he was readmitted for a right adrenalec- 
tomy. Although no excessive bleeding was encountered 
in any of these procedures, the patient bruised easily 
and venipunctures resulted in extensive ecchymoses. 
Clotting factors other than a platelet count of 110,000 
were normal at that time. 

On admission to this hospital, the platelet count 
was found to be 133,000. Under thiopental sodium 
and nitrous-oxide-oxygen anesthesia a left adrenalec- 
tomy was attempted, but had to be abandoned before 
the adrenal could be visualized because of excessive 
hemorrhage from all wound surfaces, beginning at the 
time of the skin incision. To stabilize the vital signs, 
3,000 milliliters of blood and 1,000 milliliters of other 
fluids were necessary in 7 hours. At the conclusion of 
the operation venous blood clotted in 5 minutes but 
the clot loosened in 15 minutes and was completely 
dissolved in 45 minutes. Bleeding time was 5 minutes. 
The tourniquet test was negative. The prothrombin 
time was normal, as was clot retraction although 
platelets were decreased on smear. Fibrinogen concen- 
tration was 126 milligrams per cent. One gram of fi- 
brinogen and 5 milligrams of vitamin K were given 
intravenously. Within 1 hour the fibrinogen concen- 
tration had risen to 228 milligrams per cent. Although 
vital signs remained stable the wound continued to 
ooze the next day and many petechiae appeared on 
the extremities. Fibrinogen concentration was 348 mil- 
ligrams per cent. Five hundred milliliters of blood and 
additional antibiotics were given. By the second post- 
operative day bleeding had apparently stopped. On 
the third postoperative day the platelet count was 
85,000, a two stage prothrombin assay was 93 per 
cent of normal, and fibrinogen concentration was 390 
milligrams per cent. Left adrenalectomy and excision 
of the sinus tract was performed. Although hemorrhage 
was troublesome, blood loss being estimated at 2,500 
milliliters, it did not prevent completion of the opera- 
tion. Four thousand milliliters of blood and 1,000 mil- 
liliters of other fluids were given during the procedure. 


The patient was given fibrinogen on the 
basis of a low fibrinogen and a rapid lysis of 
blood clots (Table IV). The optical density 
of the trichloracetic acid soluble products 
shows an accumulation of hydrolysis prod- 
ucts. One gram of fibrinogen rapidly raised 
the content of the blood to normal levels, 
the lytic activity promptly decreased, and 
the plasma level of hydrolysis products de- 
creased. Although the bleeding did not stop 
immediately, the acute hemorrhage was kept 
under control, and 3 days later the patient 
was well enough to undergo another opera- 
tion which was completed without extraor- 
dinary difficulty and the patient was dis- 
charged in good condition on cortisone and 
desoxycorticosterone acetate. 


Case 3. C. V.,a 61 year old male, was admitted to 
the hospital on April 29, 1955, for resection and graft 
of an arteriosclerotic abdominal aneurysm. Before op- 
eration the bleeding time was 1 minute and 55 seconds, 
prothrombin time 12 seconds (control, 13 seconds), 
and the platelet count was 237,000. 

Under ether and thiopental sodium anesthesia, a 
fusiform aneurysm extending from below the renal 
arteries and involving both the common iliacs was re- 
placed by a nylon graft. Five and a half hours after 
the beginning of the operation, the blood pressure 
suddenly dropped from 150/80 to 100/50 and gener- 
alized oozing of blood began. Thirty minutes later the 
fibrinogen concentration was 176 milligrams per cent. 
By the end of the 8 hour procedure after administra- 
tion of 6,500 milliliters of blood, 1,500 milliliters of 
dextran, 1,200 milliliters of other fluids, 50 milligrams 
of vitamin K, and calcium gluconate vital signs were 
stable, but in spite of 1.5 grams of fibrinogen, the 
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TABLE V.—FIBRINOLYSIN STUDIES IN CASE 3 


X10° 
Fibrinogen, _Fibrinogenolysis__ Fibrinolysin, Optical density_ 
Time of sample mgm. per cent Active Sk. act. Coon’s 260 280 205 
8:00 A.M. Op. started 
2:00 P.M. 176 2 1:2 +++ 95 89 64 
3:00 P.M. 1.5 grams fibrinogen given 2 hours 
4:00 P.M. 164 0 64 Sa a a 124 152 111 
8:00 P.M. 1.2 grams fibrinogen given 
10:00 A.M. 381 0 54 + 127 181 129 
TABLE VI.—FIBRINOLYSIN STUDIES IN CASE 4 
Xx 10° 
Fibrinogen, —Fibrinogenolysin —Optical density_ 
Time of sample mgm. per cent Active Sk. act. Fibrinolysin 260 280 205 
8:30 A.M. _— Op. started 
9:30 A.M. 198 1 2 +4+4++ 27 49 29 
12:30 P.M. 156 1 1.9 +++ 72 78 50 
1:30 P.M. 1 gram fibrinogen given 
4:45 P.M. 184 21 + 47 62 40 


blood level had fallen to 164 milligrams per cent. 
Five hours after the operation an additional 1.2 grams 
of fibrinogen were given. By the next day the fibrino- 
gen level had risen to 381 milligrams per cent. 

In spite of this adequate level, the systolic blood 
pressure fell below 70 millimeters 4 times in the 30 
hours following operation. Stabilization of blood pres- 
sure during this interval required 5,500 milliliters of 
blood, 500 milliliters of dextran, 4,300 milliliters of 
other fluid, and finally an infusion of neosynephrine 
hydrochloride. His abdomen had become increasingly 
distended and flat to percussion. At the end of this 
period, since the hematocrit was falling, he was ex- 
plored for intra-abdominal hemorrhage. 

Approximately 2,000 milliliters of fluid blood and 
an equal amount of clotted blood were removed from 
the abdominal cavity. Although the suture lines were 
intact, blood was coming through the graft, and there 
were several oozing areas in the retroperitoneum. 
Another piece of nylon was wrapped around the orig- 
inal graft and sutured in place. The patient received 
1,500 milliliters of blood and 200 milliliters of other 
fluids during this procedure. Following the operation, 
the blood pressure and hematocrit remained stable 
without the administration of blood or neosynephrine 
hydrochloride. 


Apparently at the time the first sample 
was drawn the activation of the fibrinolytic 
enzyme system had just started. The fibrin- 
ogen level was somewhat below normal 
(Table V), some active fibrinogenolysis was 
present, and clot lysis occurred in the 3 most 
dilute samples. Two hours later in spite of 
1.5 grams of fibrinogen given intravenously 
the blood level had fallen and an extremely 
potent fibrinolysis was demonstrable since 
clots at all dilutions lyzed within 2 hours. 
Hydrolysis products had also begun to ac- 


cumulate. On the following day the fibrino- 
gen level of the blood had risen to a high 
normal value and active fibrinolysin was 
negligible. Increased optical density indi- 
cated that hydrolysis products had not yet 
disappeared from the blood stream. The 
streptokinase activated fibrinogenolysis was 
extremely low suggesting that the normal 
profibrinolysin of the blood had been used 
up or that inhibitors had been produced in 
extraordinary quantities. 

In spite of adequate fibrinogen levels 
bleeding continued until the aortic graft was 
reinforced with an additional piece of nylon. 
It may be that during the initial stages of 
low fibrinogen and active fibrinolysin, the 
failure of the blood to form adequate clots 
around the graft may have produced struc- 
tural alterations in the graft. These could 
then be remedied only by reinforcement 
after adequate fibrinogen levels had been 
established. 

Casz 4. S. A., a 59 year old white housewife, was 
admitted on November 11, 1954, with a small lump 
along the lower margin of her left breast which she 
had noticed 3 weeks before. Incisional biopsy of the 
mass under thiopental sodium and nitrous oxide-oxy- 
gen anesthesia revealed carcinoma and cystic disease 
of the breast. From the very beginning of the radical 
mastectomy which immediately followed, there was a 
generalized oozing of blood, and clot formation was 
poor. At 9:30 a.m., 1 hour after the beginning of the 
operation the prothrombin time was 14 seconds and 
the fibrinogen concentration was 198 milligrams per 
cent. At 12:30 p.m. after 1,000 milliliters of 5 per cent 
dextrose in water, 350 milliliters of dextran, and 500 
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TABLE VII.—FIBRINOLYSIN STUDIES IN CASE 5 








x10 
Fibrinogen, —Fibrinogenolysin__ _Optical density. 
Time of sample mgm. per cent Active Sk. act. Fibrinolysin 260 280 205 
1:00 P.M. Op. started 
2:00 P.M. 126 0 8 —- 50 57 37 
3:00 P.M. 1 gram fibrinogen given 
4:15 P.M. 185 0 8 + 35 49 32 
TABLE VIII.—FIBRINOLYSIN STUDIES IN CASE 6 
x10° 
Fibrinogen, —Fibrinogenolysis__ Fibrinolysin, Optical density 
Time of sample mgm. per cent Active Sk. act. Coon’s 260 280 295 
8:00 A.M. Op. started 
11:00 P.M. 131 0 10 + 110 160 97 
1:00 A.M. 150 0 9.6 ++ 109 156 94 
11:00 A.M. 174 0 8.2 + 107 144 86 


milliliters of blood, the fibrinogen concentration had 
fallen to 156 milligrams per cent. After 1 gram of fi- 
brinogen and an additional 500 milliliters of blood, 
the oozing ceased and the operation was completed 
without difficulty. At 4:45 p.m. fibrinogen concentra- 
tion had risen to 184 milligrams per cent. Recovery 
was uneventful. 


In this case, although at the first deter- 
mination the level was essentially normal 
both active fibrinogenolysis and fibrinolysis 
could be demonstrated (Table VI). When 
the level continued to drop during the oper- 
ation, fibrinogen was given and quickly 
controlled the oozing. Although hydrolysis 
products as evidenced by the optical density 
were beginning to accumulate, abnormally 
high levels had not yet been obtained. 


Case 5. D. F., a 47 year old white housewife, was 
admitted on March 18, 1955 for a tonsillectomy. When 
the right tonsil had been dissected free, profuse bleed- 
ing began, uncontrollable by pressure or sutures. The 
blood did not appear to clot. Fibrinogen concentration 
was 126 milligrams per cent of plasma. One gram of 
fibrinogen was given intravenously and “bleeding 
ceased in a few minutes.” The left tonsil was not re- 
moved. Seventy-five minutes after the administration 
of fibrinogen, the level had risen to 185 milligrams 
per cent. Vital signs were maintained without requir- 
ing the administration of blood. The hematoma which 
had formed in the nasopharynx, soft palate, and base 
of the tongue resorbed, and recovery was uneventful. 
However, 3 months later she returned to the hospital 
and died within 1 week of acute yellow atrophy. Since 
no blood had been transfused in this case the source of 
infection is presumed to be fibrinogen. 


Although but little evidence of fibrinolysis 
(++) was found in this case prompt treat- 
ment with fibrinogen produced immediate 
clotting and resulted in an increase in the 





plasma fibrinogen level (Table VII). The 
normal levels of trichloracetic acid soluble 
products indicate that hydrolysis of fibrino- 
gen and fibrin had not progressed sufficiently 
to allow these products to accumulate. The 
development of homologous serum jaundice 
in this patient also brings out the danger 
which may accompany the administration 
of fibrinogen or any other blood fraction, 
and emphasizes the necessity of making a 
decision as to the relative dangers from hem- 
orrhage and hepatitis. 


Case 6. N. P., a 45 year old white male with known 
Laennec’s cirrhosis, was admitted to the hospital on 


June 2, 1954 for a portacaval shunt procedure. His 


history indicated a previous occurrence of hemateme- 
sis and melena and occasional epistaxis. Blood clotting 
studies indicated a slightly prolonged prothrombin 
time of 17 seconds (normal 14) and a platelet count of 
80,000. 

Portacaval shunt was performed under ether and 
sodium thiopental anesthesia with curare. The opera- 
tive note states, ‘The striking thing throughout the 
operative procedure was the excessive oozing of blood 
without any formation of clot which started with the 
skin incision and continued until time of closure.” The 
generalized bleeding was so severe that the operation 
was nearly abandoned after the original incision. Once 
undertaken, the type of shunt was altered to avoid the 
risk of resecting the interfering caudate lobe of an 
already oozing liver, and the closure had to be rapid 
and less than ideal. Blood loss during the operation was 
approximately 8,000 milliliters as measured by the 
T-1824 technique. During the operation 10,000 milli- 
liters of blood (with 20 ml. of calcium gluconate added) 
and 1,000 milliliters of other fluids were needed to 
maintain the blood pressure. Nine hours after the end 
of the operation, an additional 1,500 milliliters of 
blood had been given and although vital signs were 
stable, 1,900 milliliters of bloody fluid had drained 
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TABLE IX.—FIBRINOLYSIN STUDIES IN CASE 7 


Fibrinogen, 
Time of sample mgm. per cent 
8:00 A.M. Op. started 
3:00 P.M. 206 
4:00 P.M. 1 gram fibrinogen 
4:30 P.M. 164 
5:15 P.M. 3 grams fibrinogen 
6:00 P.M. 318 
Next day 406 
P.M. 50 


from the chest tube. Fibrinogen level at this time was 
131 milligrams per cent of plasma and 2 hours later 
had risen to 150 milligrams per cent. Since the con- 
centration was rising, no fibrinogen was given. 
Twenty-one hours after the completion of the opera- 
tion, the fibrinogen was 174 milligrams per cent. 
On the second postoperative day, 250 milliliters of 
bloody fluid was aspirated from the chest. Four months 
later, when sutures were removed from a wound infec- 
tion, the patient felt well. 


Since vital signs had stabilized at the time 
the first fibrinogen determination was made 
and a subsequent sample showed the level to 
be rising, no fibrinogen was given to this pa- 
tient (Table VIII). However, had determi- 
nations been made at the time oozing was 
first noticed and fibrinogen therapy insti- 
tuted immediately, the operative procedure 
might have been greatly simplified and sub- 
sequent blood loss reduced. Although no 
active fibrinogenolysis could be demonstrat- 
ed, the streptokinase activated enzyme is 
considerably elevated over the 1 to 2 units 
found in normal individuals. 

Lysis was observed in the more dilute 
plasma clots formed and the increased opti- 
cal density of the trichloracetic acid soluble 
products indicates that considerable hydrol- 
ysis must have been taking place intravascu- 
larly. 

Case 7. C. C., a 44 year old retired metal worker 
with a diagnosis of chronic relapsing pancreatitis, was 
admitted to the hospital on September 27, 1954. Pain 
had persisted despite previous sphincterotomy, bilat- 
eral splanchnicectomies, partial pancreatectomy with 
pancreaticojejunostomy and cholecystoduodenostomy. 
Total pancreaticoduodenectomy was performed un- 
der thiopental sodium and ether anesthesia with cu- 
rare. To free the pancreas from surrounding scar tissue, 
the portal vein had to be ligated. Bleeding from numer- 
ous small vessels began early in the operation, and 
steadily increased, unstemmed by transfixion sutures, 
whole blood, calcium gluconate, and vitamin K. The 





x10° 

—Fibrinogenolysis_ Fibrinolysin, —Optical density_ 
Active Sk. act. Coon’s 260 280 205 
0 5.4 QNS 81 113 73 

0 3.9 QNS Not done 
QNS QNS 65 104 67 
QNS QNS 83 119 7% 
16 1.9 + 326 313 177 


anastomoses, nevertheless, were completed. Five and 
a half hours after the beginning of the operation the 
blood pressure dropped to 60/40, the small intestine 
became distended with bright red blood, and pete- 
chial hemorrhages appeared on the mesentery. After 
9,000 milliliters of whole blood and 1,500 milliliters of 
other fluids were given, the fibrinogen concentration 
was 206 milligrams per cent. In spite of this normal 
level 1 gram of fibrinogen was given intravenously, 
after which the “‘bleeding seemed somewhat less,” 
and the peritoneal cavity was closed. One hour later 
the fibrinogen concentration had fallen to 164 milli- 
grams per cent. Three additional grams were given 
and the level rose to 318 milligrams per cent. By the 
next day it was 406 milligrams per cent. Despite these 
adequate levels, bright red blood continued to soak 
through the dressings and to appear in the vomitus, 
feces, and urine. The first postoperative day, the hem- 
atocrit was 57.7 per cent, venous clotting time was 9 
minutes, and the prothrombin time 16 seconds 
(normal 14 seconds). The patient continued to survive 
3 days postoperatively, in spite of repeated drops in 
blood pressure which were controlled by giving an 
additional 2,500 milliliters of whole blood and re- 
peated use of levophed, 25 milligrams of ACTH, 37.5 
milligrams of cortisone, insulin (F.B.S.-385 mgm. per 
100 ml.), penicillin, and streptomycin. The blood 
pressure finally became unobtainable and after a 
hematemesis, the patient died. 

Autopsy revealed passive infarction of the small in- 
testine, severe aspirational pneumonia, and focal my- 
ocarditis with cardiac dilatation. There was approxi- 
mately a liter of clotted blood at the operation site, 
another liter of thin blood stained fluid in the perito- 
neal cavity, 500 milliliters of blood tinged fluid in the 
left plural cavity, and retroperitoneal hematomas. The 
cause of the bleeding diathesis was not apparent. 


Except for a decrease in the level of blood 
fibrinogen after the administration of 1 gram 
intravenously there is little evidence for the 
presence of a fibrinolytic enzyme in this case, 
until after death (Table IX). Fibrinogen was 
given in rather large doses in an attempt to 
save this extremely ill man. Although high 
fibrinogen levels were established and the 
patient seemed to be helped somewhat tem- 
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porarily, it did not produce more permanent 
effects. 


Case 8. J. T., a 41 year old negro waiter, was ad- 
mitted to this hospital on December 30, 1953, com- 
plaining of right upper quadrant pain of 15 hours’ 
duration. A diagnosis was made of cholecystitis and 
choledocholithiasis. On the second day after admission 
the patient complained of tasting blood in his mouth. 
At this time prothrombin time was 16.5 seconds (con- 
trol 15 seconds). On the third day cholecystectomy 
was performed. A traumatic intubation resulted in 
heavy bleeding from the left tonsillar area. Two stones 
were removed from the common duct and a third from 
the ampulla through an incision in the common duct. 
Because it was impossible to pass any but the smallest 
probe into the duodenum through the sphincter, 
sphincterotomy was decided upon. After theduodenum 
was opened but before the sphincter could be incised, 
all exposed surfaces suddenly began to ooze blood, in- 
cluding the surface of the liver. Blood pressure was un- 
obtainable for a 20 minute period. Eleven thousand 
milliliters of blood were required in the ensuing 2 
hours. Oozing continued until the abdomen was closed 
around a 5 yard roll placed in the right upper quad- 
rant. At 5:30 the patient was taken to the recovery 
room with a normal temperature, a blood pressure of 
134/95, and a hematocrit of 43.8 per cent, but with 
continued bleeding through the wound dressings. In 
spite of 2,000 milliliters of additional blood, vitamin 
Kj, vitamin C, antibiotics, oxygen, and adrenalin, 
bleeding continued, blood pressure fell steadily and 
the patient died at 10:00 p.m. the same day. 

At autopsy fluid blood could still be expressed from 
the wound. The peritoneal cavity contained 2,000 mil- 
liliters of unclotted blood. A blood specimen secured 
before death did not clot in 24 hours, Autopsy diag- 
nosis included ‘‘acute hemorrhage, probably due to 
afibrinogenemia.” 


No blood was drawn for fibrinogen deter- 
minations on this patient so data are some- 
what limited (Table X). The only sample 
available for study was one sent to the blood 
bank for cross-matching. This, of course, 
was serum rather than plasma so no fibrino- 


| gen determination was possible. The other 


figures reported are probably somewhat 
lower than they would be on plasma since 
fibrinolysin is reportedly occluded with the 
fibrin clot. The concentration of hydrolysis 
products is also lower in serum than in 
plasma. However, in spite of the inadequate 
data, the active fibrinogenolysin, increased 


| streptokinase activated fibrinogenolysin, and 


increased optical density of trichloracetic 
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acid soluble products all suggest that the fi- 
brinolytic enzyme system contributed to the 
hemorrhagic diathesis of this patient. 


Case 9. R. A., a 25 year old white college student, 
was admitted to the hospital on April 6, 1954 for par- 
tial gastrectomy for duodenal ulcer. Previous history 
included severe viral hepatitis, 5 serious episodes of 
gastrointestinal bleeding, marked cirrhosis of the liver 
with ascites requiring repeated intravenous adminis- 
tration of albumin, infectious mononucleosis. Seven 
years previously a portacaval shunt had been perform- 
ed without abnormal bleeding although an earlier 
attempt 2 weeks prior had had to be abandoned be- 
cause of development of pulmonary edema 15 minutes 
after induction with ether. 

At this admission platelets appeared adequate on 
smear but prothrombin time was elevated to 25 sec- 
onds (control 14). Thiopental sodium, cyclopropane, 
nitrous oxide, and ether were used as anesthetic agents 
with curare. Hemorrhage was troublesome but not 
alarming until after the anastomosis was completed. 
At this time a generalized oozing developed and the 
patient had to be closed with this condition uncon- 
trolled. During the operation the patient had received, 
in addition to calcium gluconate and vitamin K, 
2,000 milliliters of whole blood and 650 milliliters of 
other fluids, a volume approximately equal to the 
estimated blood loss, with good maintenance of vital 
signs. In the recovery room the patient maintained a 
steady blood pressure for 30 minutes and then sud- 
denly went into shock with a systolic pressure of 40 
millimeters and rapid loss of blood from the drain site. 
In the following hour and one-half, in spite of intra- 
venous ephedrine and neosynephrine, 2,500 milliliters 
of whole blood, 1,000 milliliters of plasma, and 500 
milliliters of dextran, the systolic pressure had not risen 
above 80, and blood continued to pour rapidly from 
the drain. The wound was reopened and several liters 
of blood found in the peritoneal cavity, coming pri- 
marily from the gastrohepatic omentum. Over 100 
suture ligatures were placed in 1 hour, but no sooner 
had the bleeding points been ligated when new ones 
appeared. As the patient’s condition was growing 
worse, gelfoam was inserted and the wound closed 
around a rubber drain tube. At the end of the proce- 
dure blood was coming rapidly from the drain requir- 
ing infusion under pressure to maintain systolic pres- 
sure at 90 millimeters of mercury. The patient contin- 
ued to deteriorate and died 25 hours after the begin- 
ning of the operation in spite of 21,500 milliliters of 
blood in this period. A blood specimen taken 12 hours 
before death had a prolonged clotting time, and the 
entire clot had lysed within 12 hours. A blood sample 
taken within 3 hours after death contained no fibrin- 
ogen and lysed added fibrinogen. Autopsy diagnosis 
included hemorrhage secondary to afibrinogenemia 
and fibrinolysin. 
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TABLE X.—FIBRINOLYSIN STUDIES IN CASE 8 


x 10° 
Fibrinogen, —Fibrinogenolysis— Optical density_ 
Time of sample mgm. per cent Active Sk. act. Fibrinolysin 260 280 295 
3:30 Serum ? .74 9.9 C3 71° 126 89 
TABLE XI.—FIBRINOLYSIN STUDIES IN CASE 9 
X 108 
Fibrinogen, __Fibrinogenolysin Optical density_ 
Time of sample mam. per cent Active Sk. act. Fibrinolysin 260 280 295 
P.M. 0 22 4.9 ++++++ 156. 173 
Supernatant from lysed clot drawn 12 0 ZA 7 VES 


hours before death 


Again, no sample was drawn for fibrino- 
gen determinations so fibrinogen therapy 
was not introduced nor are data complete 
(Table XI). However, very potent fibrino- 
genolysis and fibrinolysis were found in the 
sample drawn at autopsy. The lysis of the 
clot formed in the sample drawn 12 hours 
before death is also an indication of active 
circulating fibrinolysin. The determinations 
done on the supernatant fluid centrifuged 
from the lysed clot (serum had been previ- 
ously removed) demonstrate some interest- 
ing points. Although lysis had obviously oc- 
curred earlier it was evident that any active 
enzyme had either worn itself out or had 
been destroyed by standing overnight at re- 
frigerator temperature. 


DISCUSSION 


Mechanism. The presence of a potent circu- 
lating fibrinolytic enzyme in the blood of these 
patients suggests that the hypofibrinogene- 
mia may be at least partially due to proteolyt- 
ic enzyme action. While intravascular de- 
position of fibrinogen by thromboplastin 
may initiate the difficulty, this would almost 
surely be followed by activation of the fibrin- 
olytic enzyme system by cytofibrinokinase 
present in most tissue extracts containing 
thromboplastin. 

Profibrinolysin 
Tissue | 
activator | 
or 
cytofibrino- 
kinase 
Fibrinolysin | 
— | 
Fibrinogen _ | Amino acids or 
polypeptides 





Fibrin ' +. 
Inhibitors 





Such an activation would greatly accelerate 
the depletion process by hydrolysis of the 
fibrinogen itself as well as lysis of any fibrin 
clots which may be formed. The increase in 
the concentration of hydrolysis products in 
the plasma as measured by the optical den- 
sity of the trichloracetic acid soluble pro- 
ducts is evidence that such a mechanism is 
taking place. 

However, it is not even necessary to pos- 
tulate the entrance of tissue extracts into the 
circulation to explain the presence’ of a fi- 
brinolytic enzyme. It has been associated 
with Selye’s alarm reaction. MacFarlane 
and Biggs have shown that fibrinolysis may 
appear preoperatively in patients with no 
other apparent cause than a possible preop- 
erative anxiety. Truelove has also shown 
that the degree of fibrinolysis bears little re- 
lation to the severity of surgery, but that 
those patients showing evidence of preoper- 
ative fibrinolysis are more apt to have “‘brisk 
postoperative fibrinolysis” than are those 
who show no evidence of it earlier. 

The systematic study of the fibrinogen 
and fibrinolytic activities of a large group of 
patients both before and after surgery might 
shed considerable light on the problem of 
why some patients develop these severe hem- 
orrhagic difficulties and others do not. Those 
who develop hypofibrinogenemia may have 
initial fibrinogen levels in the lower range of 
normality and a preoperative fibrinolysin. 
Both of these factors might predispose them 
toward bleeding tendencies. However, a 
prior knowledge of such possibilities would 
greatly facilitate the prompt and efficient 
treatment of the condition once it became 
evident clinically. 





Fi 


of he 
patie 
cent 
Sinc 
becc 
dan; 
appr 
sam) 
gen 

175 

and 
star’ 
Ac 
Lev 
clin: 
bloc 
leas’ 
mos 
the 

intr. 


apy 
whc 
leve 
bro 
whi 
pres 
inu 
effe 
ma’ 
fibr 
plet 
ma’ 


b titic 


whe 


rea 


rioc 
Th 


. on 


tim 


| pre 
tur 
| sou 
| ger 
| prc 
| me 


not 





‘ 

ensity_ 
) 205 
» 89 


‘] 
ensily. 
) 205 


1 of 


10se 
ave 
e of 
sin. 
em 


> 

uld 
ient 
ime 








Treatment. As can be noted from the dates 
of hospital admission it is obvious that the 
patients who have been studied more re- 
cently have been handled more successfully. 
Since the spring of 1954 the entire staff has 
become more alert to the possibilities and 
dangers of hypofibrinogenemia. At the first 
appearance of abnormal bleeding, blood 
samples are drawn immediately for fibrino- 
gen determinations. A concentration below 
175 milligrams per cent is considered suspect 
and fibrinogen therapy may or may not be 
started depending on the clinical evaluation. 
A clotted sample is also observed for lysis. 
Levels are followed at frequent intervals until 
clinical improvement is noted and until 
blood levels have returned to normal (or at 
least begun to rise). This prompt action in 
most cases has resulted in rapid control of 
the hemorrhage with minimal quantities of 
intravenous fibrinogen. 

The dangers of delaying fibrinogen ther- 
apy while giving massive transfusions of 
whole blood and of failure to follow blood 
levels at frequent intervals is most clearly 
brought out in Case 1 (J. R.). Whole blood 
while necessary for maintenance of blood 
pressure and normal hematocrit may, if used 
in unusual quantities, have some unfortunate 
effects. Its nearly normal fibrinogen content 
may tend to mask the extent to which the 
fibrinogen stores of the patient are being de- 
pleted. However, of a more serious nature 
may be the constant addition of large quan- 
tities of potential fibrinolysin to a patient 
whose fibrinolytic enzyme system has al- 
ready become activated. 

Fibrinolysin apparently has a limited pe- 
riod of activity as shown in Case 9 (R. A.). 
Therefore, if the patient can be maintained 
on small quantities of fibrinogen for a short 
time without activation of fresh sources of 


| profibrinolysin the enzyme system may re- 
| turn to its original balance. The natural re- 


sources of the body, particularly the fibrino- 
gen producing function of the liver, can then 
provide adequate control of the clotting 
mechanism. Although inhibition studies were 


| Not made on these patients, a study of ob- 
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stetric patients shows a rough parallelism 
between increase in fibrinogen concentra- 
tion, improvement in clinical condition, and 
inhibitor levels after fibrinogen therapy. 

The increase in fibrinogen levels is fre- 
quently greater than would be expected 
from the quantity of fibrinogen administered. 
This observation would indicate that fibrin- 
ogen is being produced by the liver at a rapid 
rate. Also, evidence of enzymatic hydrolysis 
of fibrinogen and fibrin usually decreases 
rapidly after the administration of fibrinogen 
even in those cases in which replacement 
was not sufficient to prevent the fatal hem- 
orrhage. It may be that the fibrinogen as ad- 
ministered contains other factors which aid 
in the control of this dangerous activation 
and hydrolysis process. 


SUMMARY 


A group of 9 surgical patients with severe 
hemorrhage and hypofibrinogenemia are 
presented. Evidence is included showing that 
fibrinolysin or fibrinogenolysin was present 
in many of these cases. 

Early diagnosis, prompt intravenous ad- 
ministration of fibrinogen, and maintenance 
of vital signs with adequate, not excessive, 
blood replacement have generally resulted 
in eventual recovery of the patient. Delay or 
failure to give fibrinogen to these patients has 
resulted in death in spite of transfusions with 
whole blood in quantities up to 26,000 milli- 
liters. However, indiscriminate use of fibrin- 
ogen is to be avoided because of the danger 
of homologous serum jaundice accompany- 
ing transfusion of a pooled blood fraction. 

Fibrinogen levels of from 125 to 175 milli- 
grams per cent of plasma as well as those 
lower ones obtained with obstetric patients 
may be an indication for the need of fibrin- 
ogen in these surgical cases. It is also sugges- 
ted that fibrinogen levels should be followed 
at frequent intervals until hemostasis is estab- 
lished, in order to assure that adequate 
quantities have been given. 


REFERENCES 


1. Coon, W. W., and Hopcson, Paut E. Fibrinolysin 
in surgery patients. Surg. Gyn. Obst., 1952, 95: 717. 








454 Surgery, Gynecology ¢ Obstetrics - October 1956 
% 


Hopckxinson, C. P., Luzapre, J. H., Pirer, P. W., 
SwineHart, L. A., and Remp, D. G. Hypofibrino- 
genemia and defects of coagulation. Obst. Gyn., 1955, 
5: 465. 


Kunrrz, M. Crystalline soybean trypsin inhibitor — 
II, general properties. J. Gen. Physiol., 1947, 30: 
291. 


. Lewis, Jessica H., and Fercuson, JoHn H. Studies 


on a proteolytic enzyme system of blood—II, fibrin- 
olysokinase activators for profibrinolysin. J. Clin. 
Invest., 1950, 29: 1059. 


. MacFartang, R. G., and Bices, R. Observation of 


fibrinolysis; spontaneous activity associated with 
surgical operations, trauma, etc. Lancet, Lond., 
1946, 2: 862. 


. Puiurps, L. L., BuTter, B. C., and Taytor, H. C., 


Jr. A study of cytofibrinokinase and fibrinolysin in 
extracts of tissue from human myometrium, endome- 


10. 


. SCOTT, 


trium, decidua, and placenta. Am. J. Obst. Gyn,, 
1956, 71: 342. 

Puiturs, L. L., Montcomery, G., and Taytor, 
H. C., Jr. The role of the fibrinolytic enzyme in 
obstetrical afibrinogenemia. Am, J. Obst. Gyn., in 
press. 

Ratnorr, O., and Menzig, C. A new method for the 
determination of fibrinogen in small samples of 
plasma. J. Laborat. Clin. M., 1951, 37: 316. 

. V. Z., Matruews, W. F., BurTeRworts, 
C. E., and Frommeyer, W. B., Jk. Abnormal plasma 
proteolytic activity; diagnosis and treatment. Surg, 
Gyn. Obst., 1954, 99: 679. 

Setye, H. The general adaptation syndrome and 
the diseases of adaptation. J. Clin. Endocr., 1946, 
6: 197. 


. TruELoveE, S. C. Fibrinolysis and eosinopenia after 


surgical operations. Clin. Sc., Lond., 1952, 11: 107, 





PR¢ 
FOI 


DAV 


Dur 
follo 
studi 
ever, 
the « 
twee 
resul 
some 
on tk 
preo 
com] 
quire 
patie 
resol 
son 1 
take! 


MATI 


part 
A fe 
were 
ditio 
sible 
must 
ter 
were 
tests 
two 

paci 
caus 
by ¢ 
corr 
capé 
have 
sens 
whic 
Rot! 
lime 


Fro; 
New * 





PROGRESSIVE CHANGES IN VENTILATION 
FOLLOWING PULMONARY RESECTION 


DAVID V. PECORA, M.D., F.A.C.S., Ray Brook, New York 


DURING RECENT YEARS ventilatory changes 
following pulmonary resection have been 
studied by a number of investigators. How- 
ever, there is lack of agreement regarding 
the degree of correlation which exists be- 
tween the amount of tissue resected and the 
resultant changes in ventilation. Although 
some of the discrepancies may be explained 
on the basis of the use of predicted instead of 
preoperative determinations, or the use of 
complicated procedures, which not only re- 
quire trained personnel but co-operative 
patients, it appears that the problem can be 
resolved only by further study. For this rea- 
son the following investigation was under- 
taken. 


MATERIAL AND METHODS 


The subjects selected were for the most 
part patients with pulmonary tuberculosis. 
A few had carcinoma or bronchiectasis. All 
were ambulatory and in good physical con- 
dition prior to surgery, thus eliminating pos- 
sible deleterious effects of bed rest and poor 
muscular tone upon the preoperative de- 
terminations. Whenever possible patients 
were carefully trained to do the prescribed 
tests. All observations were made by one of 
two individuals. Timed and total vital ca- 
pacity measurements were employed be- 
cause of their simplicity. It has been shown 
by Gaensler (1) that timed vital capacity 
correlates well with maximum breathing 
capacity. Moreover, Smith and associates 
have found that vital capacity provides a 
sensitive measure of the ventilatory changes 
which follow surgery. A modified Benedict- 
Roth spirometer, with the valves and soda 
lime removed, was employed. Timing was 


From the Ray Brook State Tuberculosis Hospital, Ray Brook, 
New York. 
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performed with a stop watch. Total vital 
capacity and 3 second volumes were deter- 
mined with the patient in the upright posi- 
tion before surgery and at various intervals 
after surgery. Vital capacity was expressed 
in per cent of preoperative levels to reduce 
data to comparable values. 

In an attempt to correlate the pathologic 
and anatomic changes with changes in ven- 
tilation, patients were carefully fluoroscoped 
at frequent intervals. Roentgenograms were 
taken as indicated. 


RESULTS 


Reference to Figure | reveals that patients 
behave in a remarkably similar manner fol- 
lowing resection. There is a severe decrease 
inventilatory function immediately following 
surgery. Fluoroscopically, there is evident a 
marked decrease in the mobility of the dia- 
phragm and chest wall on the side operated 
upon. Occasionally, paradoxical motion is 
noted in the homolateral diaphragm. These 
changes occur to some degree in all cases, 
and are influenced only to a slight extent by 
voluntary efforts. Undoubtedly pain of a 
pleuritic type plays a role. However, such 
limitation of motion persists after the pa- 
tient ceases to experience pain. He may 
complain of “‘stiffness” on the affected side. 
Where the remaining homolateral lung is 
not distensible the diaphragm may remain 
elevated and motion of both the chest wall 
and the diaphragm may be permanently 
limited, even in the absence of roentgeno- 
logically detectable pleural reaction. Breath- 
ing exercises and patient co-operation seem 
important in minimizing these changes. Re- 
stricted ventilation during the early post- 
operative period may allow the diaphragm 
to become adherent in an elevated position 








456 








Oo <= BOMDYD 











“20 40 +260 #80 #44100 120 «2140 + 160 160 
DAYS PO 
a 


s 
\ 

| 

! 


& 





G UNDER THORACOPLASTY 


O < DOMAD x 
cS} s 














20 
| 
- ——— = —————— 
20 40 60 80 100 120 140 160 180 
DAYS PO 
c 
100 ‘ : = 
ee 
% Pa o- ——--- ——- Sanaa 
p & Aa a 7 an 
eS eee ee 
R ee 5 
e rm FS o 
00 - e 3 « a - 
i@) ~~ Bini 
P = . 
F % maar 8 
Vv ” ~ = 7) 
| ‘ e 
C | ae 
| TPL TPL 
e @ 6000 FUNCTION 
20} a & POOR FUNCTION 
20 40 60 80 100 120 140. 100 Ww 
DAYS PO 
e 


Fic. 1. Vital capacity expressed in per cent of preoper- 
ative value after resection of various amounts of lung 
tissue. Observations performed upon the same patient 
are connected by lines. Values are projected beyond 180 
days when data are available. a, One hundred seventy- 
two observations upon 32 patients after resection of 1 
segment or less for pulmonary tuberculosis. b, Seventy- 
one observations upon 17 patients after resection of 2 
segments for pulmonary tuberculosis. c, Fifty-five obser- 
vations upon 15 patients after resection of 3 segments for 
pulmonary tuberculosis. The squares indicate resection 
under previous thoracoplasty. d, Thirty-one observations 
upon 8 patients with tuberculosis, 2 patients with bron- 
chiectasis, 1 patient with a small peripheral bronchogenic 
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carcinoma, and 1 patient with chronic pneumonitis after 
resection of 4 to 7 segments. Clear symbols represent re- 
section under previous thoracoplasty. e, Twenty-nine ob- 
servations upon 8 patients with bronchogenic carcinoma, 
3 patients with pulmonary tuberculosis, and 2 patients 
with bronchiectasis after pneumonectomy. Circular sym- 
bols represent patients whose resected lungs ventilated 
well according to bronchospirometric or fluoroscopic ob- 
servations. Patients with poorly functioning resected 
lungs are represented by triangular symbols: 7, 15 days 
after 6 rib thoracoplasty; 2, 7 days after 7 rib thoraco- 
plasty; 3 and 5, phrenemphraxis with resection; 4, 29 
days after 9 rib thoracoplasty; 6, previous homolateral 
total thoracoplasty. f, Average values for charts a to e. 
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Fic. 2. Changes in vital capacity expressed in per cent 
of preoperative values after plombage thoracoplasty. 
Twenty-two observations upon 6 patients. Numerals 
represent number of 144 inch polythene beads which 
were employed. 


or the lung to become encased in a fibrous 
envelope which may permanently prevent 
full expansion. ‘These factors seem to explain 
some of the variations observed in the post- 
operative values obtained for vital capacity, 
and have been called ‘‘thoracotomy effect”’ 
by Smith and associates. They are observed 
following exploratory thoracotomy without 
pulmonary resection. 

That the amount of lung tissue resected 
seems to be of minor importance may be 
concluded from Figure 1f, since the average 
values following resection of 1 to 7 segments 
are almost identical. However, this similarity 
may also be the result of confining resection 
to diseased tissue and preserving ventilating 
lung. This contention is further supported by 
the data summarized in Figure le in which 
it is noted that removal of a functional lung 
usually produces a greater ventilatory de- 
fect than removal of one which is poorly 
functioning. These findings agree with those 
of Gaensler and Strieder (2). 

For the purpose of comparison, the effect 
of plombage thoracoplasty is indicated in 
Figure 2. Although relatively small, the ven- 
tilatory defect seems dependent upon the 
volume of the collapse as expressed by the 
number of polyethylene beads used. It is 
interesting to note that the function in the 
early postoperative period is much better 
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Fic. 3. Changes in per cent of vital capacity exhaled 
in 3 seconds in comparison to preoperative values. One 
hundred and ninety-eight observations were made upon 
63 patients following pulmonary resection, thoracoplasty, 
and pulmonary decortication. 


than following resection, except in 1 in- 
stance complicated by a temporary sizable 
collection of fluid in the extrapleural space. 
Fluoroscopically, these patients exhibit no 
impairment of diaphragmatic motion and 
little impairment in chest wall expansion in 
the early postoperative period. These find- 
ings explain the usually benign course ob- 
served early following plombage thoraco- 
plasty and appear dependent upon the 
absence of traumatic pleurisy which occurs 
following thoracotomy. 

Small preresection thoracoplasty did not 
affect the results obtained following resec- 
tion (Fig. 1c and d). Although too few cases 
were studied to draw definite conclusions, 
postresection thoracoplasty and phrenic pa- 
ralysis seem to decrease ventilation further, 
as might be expected from the results ob- 
tained by Gaensler and Strieder (2). 

Figure 3 summarizes the postoperative 
changes which occurred in the 3 second 
timed vital capacity. For the purpose of 
comparison, decortication and thoracoplasty 
are included with resections. It will be noted 
that surgery had no appreciable effect upon 
the timed vital capacity. Contrary to the 
conclusion of Gaensler and Strieder (2) it 
must be assumed that the changes following 
surgery are purely restrictive and that there 
is no obstructive element. 
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DISCUSSION 


Undoubtedly many elements influence 
the recorded changes in ventilation which 
occur following pulmonary resection. Among 
the more important are accuracy of the 
methods of measurement, patient co-opera- 
tion, training and general condition, pre- 
operative disease, and surgical technique 
and skill. 

In spite of the apparent lack of agreement 
in the literature it appears justifiable to con- 
clude that uncomplicated pulmonary resec- 
tion produces at most a slight permanent 
deleterious effect upon ventilation. In this 
study, few patients showed an increase in 
function postoperatively; and it is believed 
that this apparent beneficial effect is prob- 
ably the result of improvement in general 
condition, as it was more commonly seen 
when bed rest was commonly prescribed (3). 

Although the mechanism involved in the 
production of postoperative changes are not 
entirely clear, it appears that the severity of 
traumatic pleurisy and amount of function- 
ing tissue resected influence these changes. 


Some of the deleterious effects can be over- 
come by the early performance of breathing 
exercises. 

The postoperative changes are restrictive 
in nature. 

Plombage thoracoplasty is not accom- 
panied by the severe early impairment of 
ventilation which occurs following resection, 
probably because there is little pleural re- 
action. For this reason some surgeons prefer 
this type of thoracoplasty to resection in pa- 
tients with borderline pulmonary function, 

As might be expected postresection thora- 
coplasty and phrenic paralysis further re- 
strict pulmonary ventilation. 
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|} AN EXPERIMENTAL STUDY OF BACTERIAL PANCREATITIS 


ALAN THAL, M.B., Ch.B., Minneapolis, Minnesota, 
Pp, TANSATHITHAYA, M.D., Bangkok, Thailand, and 


| W. EGNER, B.S., Minneapolis, Minnesota 


THE EMPHASIS laid on the etiologic role of 
bile or trypsin in the pathogenesis of acute 
pancreatitis has led to the concept that the 
disease is an aseptic process, although bac- 
teriologic studies are insufficient to warrant 
this assumption. Indeed, in Opie’s original 
case of pancreatic necrosis which led to the 
common channel theory, there was extensive 
coliform infection of the pancreas. 

Recent clinical and experimental studies 
by Koller as well as our own group (24, 25, 
27) have re-emphasized the possibility that 
bacterial infection may be directly impli- 
cated in the pathogenesis of some cases of in- 
terstitial and necrotizing pancreatitis. 

The studies reported herein deal with the 
experimental production of interstitial, sup- 
purative, and necrotizing pancreatitis by 
means of intraductal injection of bacteria. 
It will be shown that reasonable facsimiles 
of the human lesion can be produced by 
these means and that the nature of the pan- 
creatic lesion which develops is, in large 
measure, dependent on the vascular effects 
of the particular microorganism which is 
used. 


MATERIALS AND METHODS 


Animals. Mongrel dogs of both sexes weigh- 
ing 8 to 12 kilograms and market-bought hy- 
brid adult white rabbits were used. 

Microorganisms. (a) Escherichia coli strains 
were classified and then carried in stock on 
agar slants. For use, a nutrient broth tube 
was inoculated from stock slant and incu- 
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bated for 24 hours at 37 degrees and from 
this an agar slant was streaked and incubated 
for 16 hours at 37 degrees. The suspensions 
used in inducing pancreatitis were made 
from this latter agar slant. (b) Streptococcus 
pyogenes (hemolyticus) type 19 was main- 
tained in stock, in brain-heart infusion broth 
with blood added. For use, blood agar slants 
were inoculated and incubated for 16 to 20 
hours at 37 degrees and from these the suspen- 
sions were made. (c) Bacillus proteus, after 
routine identification, was carried in stock, on 
agar slants. For use, the same method as for 
Escherichia coli was employed. (d) For Aero- 
bacter aerogenes the same procedure was 
followed as for Bacillus proteus. (e) Pseudo- 
monas aeruginosa was streaked onto agar 
slants and incubated for 24 hours at 37 de- 
grees. The suspensions were made from these 
slants. 

Bacterial suspensions. Viable suspensions of 
known concentration were made by washing 
the organisms from an agar slant (24 hr. 
growth) into 5 cubic centimeters of sterile 
saline. Several dilutions were then made and 
the turbidity read on a Leitz photoelectric 
colorimeter; the concentration was deter- 
mined froma previously established turbidity 
curve set up for each organism. The desired 
suspensions were made by dilution with 0.9 
per cent saline. 

Cannulization of the pancreatic duct.'The meth- 
ods used for cannulization and controlled 
pressure intraductal injection in the dog and 
rabbit have previously been described (25). 

Fixation and staining of tissues. All tissues 
were fixed in 10 per cent formal saline im- 
mediately after sacrifice of the animal. Rou- 
tine hematoxylin and eosin stains were used. 
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TABLE I.—EFFECT OF INTRADUCTAL PANCREATIC INJECTION OF VARIOUS STRAINS OF BACTERIA IN A 
SERIES OF 81 DOGS 









Hemorrhagic pancreatic Acute! nterstitial No. of 
No. of Concentration ee, _pancreatitis pancreatic 
Organism determination organisms per ¢.c. Severe Mild Severe Mild lestons 
Escherichia coli 0-4 7 10* to 2 x 10° 1 6 
(recovered from human intestinal 13 10? to 2 x 10? 10 1 2 
tract) Z 5 x 105 1 1 
4 103 to 10 2 2 
1 108* 1 
9 5 x 105 ii 2 
1 104* 1 
4 10%* 1 3 
2 107 to 2 x 1077 2 
Escherichia coli 607 3 107 to 2.x 107 2 1 
(recovered from human urinary tract) 1 107 to 2 x 107+ 1 
Escherichia coli 827 2 107 to 2 x 107 2 
(recovered from human urinary tract) 1 10? to 2 x 107 1 
Staphylococcus aureus 
Wood 46 3 10? to 2 x 107 1 2tt 
C-54 (recovered from leg wound) 2 10° to 2 x 10° 1 1 
55-525 (recovered from human 2 10° to 2 x 109 2 
intestinal tract) 
B. proteus 2 10*® to 2 x 10° 2 
2 107 to 2 x 107 1 1 
Str. pyogenes (hemolyticus) type 19 12 10* to 2 x 10° 10 o 
B. pyocyaneus 2 5 x 108 1 1 
A. aerogenes 2 5x 10% 1 1 
Ps, aeruginosa 2 5 x 108 2 
S. montevideo 2 5 x 108 2 
Mixed culture 2 10° 2 


Suspensions of organisms made up in a volume 5 c.c. 0.9 per cent 
saline. 
*Suspensions made up in 5 cc. 1.0 per cent mucin, 


{Sterilized by autoclaving for 30 minutes. 
ttAcute suppurative pancreatitis, 
Allinjections made at pressures less than 30 mm. Hg. 


TABLE II.—EFFECT OF INTRADUCTAL PANCREATIC INJECTION OF ESCHERICHIA COLI 0-4 IN SMALL 


VOLUMES* 
Concentration Hemorrhagic Acule 
Volume of pancreatic interstitial No. of 
No. of injected in organisms per —__necrosis._. —_pancreatitis____ pancreatic 
Strain of organism determination C6. C.0. Solution Survival Severe Mild Severe Mild lesions 
Escherichia coli 0-4 4 1 6 x 108 Saline 74 brs. 4 
(recovered from 
human intestinal 2 0.5 108 Saline 4 days 2 
tract) 2 2 6 x 10® Mucin 24 hrs. 2 
2 1 5 x 105 Mucin 24 hrs. 2 
*In dogs. 


All injections made at pressures less than 30 mm. Hg. 


ACUTE INTERSTITIAL PANCREATITIS PRODUCED 
BY MEANS OF BACTERIA 


The few available records of bacteriologic 
studies in cases of acute interstitial pancre- 
atitis implicate the hemolytic streptococcus 
more frequently than other organisms. Ac- 
cordingly, the following experiments were 
carried out to study the effects of this micro- 
organism on the pancreas. 


Eighteen to 24 hour blood agar cultures of hemo- 
lytic streptococci were suspended in sterile saline and 
injected in volumes of 5 cubic centimeters at pressures 


of less than 30 millimeters of mercury into the acces- 
sory pancreatic duct of dogs. Following injection both 
pancreatic ducts were ligated. Various concentrations 
of organisms were used in several experiments. 
During the 24 to 48 hours subsequent to 
injection of the streptococcus, the dogs ap- 
peared ill, refusing food and water and vom- 
iting occasionally. Thereafter, they uniformly 
improved without treatment, and, of the 12 
dogs studied, there were no fatalities. Ani- 
mals in this series were sacrificed at varying 
intervals following streptococcus injection, 
and gross and microscopic studies were made. 
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Grossly, after 6 hours the pancreas was in- 
variably found to be markedly indurated and 
edematous. There was quite prominent ac- 
cumulation of fibrin-rich, coagulated edema 
fluid in the interstitial spaces. Scattered areas 
of fat necrosis were usually prominent, al- 
though in 3 animals fat necrosis was con- 
spicuously absent in spite of severe intersti- 
tial pancreatitis. Occasionally the gland was 
hyperemic, particularly in the early stages, 
though hemorrhage was usually absent. Mi- 
croscopically, the lobules rapidly became 
widely separated by edema fluid. This acute 
inflammatory reaction persisted and pro- 
gressed up to 24 hours and thereafter went 
on to spontaneous resolution with the devel- 
opment of slight interstitial fibrosis and pro- 
gressive atrophy of the acini, which was 
unquestionably due in part to the ligation of 
the pancreatic ducts. In no single case did 
any parenchymal necrosis occur, nor were 
there any thrombotic lesions of the small 
blood vessels, in spite of the severity of the 
inflammatory reaction. 

The same experiment was then repeated 
using various microorganisms and, of these, 
the Proteus vulgaris and some strains of Aer- 
obacter aerogenes and Pseudomonas aeru- 
ginosa gave a very similar result. These re- 
sults are summarized in Table I. In all cases, 
an acute interstitial rather than a necrotizing 
form of pancreatitis was produced by these 
strains and, with few exceptions, the animals 
recovered spontaneously from the pancre- 
atitis. 


PANCREATIC NECROSIS PRODUCED EXPERIMEN- 
TALLY BY A STRAIN OF ESCHERICHIA COLI 


If bacteria do indeed play a part in the 
development of pancreatic necrosis, then the 
meager reports of bacteriologic studies in hu- 
man pancreatic necrosis would implicate 
particularly the coliform organisms, staphy- 
lococci, and certain clostridia. In extensive 
preliminary studies, it was found that the 
only microorganisms capable of producing 
pancreatic necrosis were those which pro- 
duced an extensive necrotizing lesion when 
injected intradermally. The necrotizing prop- 
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erty of the coliforms has been noted previ- 
ously and is characteristic of some of those 
strains most highly pathogenic to man. The 
strain ultimately used in the majority of our 
experiments is one which was classified as 
Escherichia coli, group 4, and was originally 
isolated from a routine hospital stool culture. 
Initial experiments showed that when this 
microorganism was introduced in a concen- 
tration less than 10* organisms per cubic 
centimeter in a volume of 5 cubic centime- 
ters into the pancreatic duct there occurred 
merely a mild, interstitial pancreatitis, which 
was not fatal. When the concentration was 
increased to 10° organisms per cubic centi- 
meter a massive hemorrhagic pancreatic ne- 
crosis regularly resulted. On the other hand, a 
fulminating hemorrhagic pancreatic necrosis 
could be produced by concentrations as low 
as 10‘ organisms per cubic centimeter when 
small quantities of mucin were added to the 
suspension. The resuits of these studies are 
shown in Table I. ‘Transduodenal injection 
of the pancreatic duct without ligation of 
either duct failed to produce pancreatic ne- 
crosis no matter what concentration of or- 
ganisms was used. Thus, the factor of ductal 
obstruction appears to be essential for the 
dissemination and pathogenic effects of the 
microorganisms. Another very striking find- 
ing was the potentiating effect of mucin. This 
has been noted in previous studies involving 
bacterial infection, particularly by Robertson 
in regard to pneumonia, and by Persky (17) 
in experimental peritonitis. 

In order to determine whether the volume 
of suspension injected had any effect on the 
development of pancreatitis 10 dogs were in- 
jected intraductally with volumes varying 
from 0.5 to 2 cubic centimeters. These re- 
sults are summarized in Table II. It will be 
seen that 6 of the 10 animals developed se- 
vere hemorrhagic pancreatic necrosis. The 
lesion was comparable to that seen with the 
larger volume in all but extent of spread. In 
general only the central portion of the pan- 
creas was involved, whereas with the larger 
volume there was considerable spread to the 
tail. 












GROSS FINDINGS 

As indicated, the gross findings depended 
largely on the concentration of microorgan- 
isms used. When concentrations of 10° or- 
ganisms per cubic centimeter or greater were 
used, the dogs invariably died within 24 
hours and at autopsy showed a large accu- 
mulation of serosanguineous peritoneal fluid, 
extensive peritonitis, and massive hemorrhag- 
ic dissolution of the pancreas without fat 
necrosis. The pancreas resembled a black, 
jelly-like clot similar to what has been de- 
scribed in the older literature as pancreatic 
apoplexy. With concentrations of 10° organ- 
isms per cubic centimeter the lesions re- 
sembled far more closely the common human 
form of pancreatic necrosis in that there was 
a very marked induration of the pancreas, 
extensive hemorrhage, and obvious necrosis 
of the gland with scattered areas of fat ne- 
crosis. In general, the more fulminating the 
parenchymal necrosis the less prominent was 
the fat necrosis. In order to study the lesions 
of longer duration, the animals surviving 24 
hours were treated with aureomycin. As no- 
ted previously by Persky and his associates 
(18) this increases the survival time consider- 
ably. Lewis and Wangensteen made the same 
observation by using penicillin. The pancre- 
atic necrosis, however, being already estab- 
lished by this time, progressed until a large 
abscess walled off by omentum was found in 
most animals sacrificed at 10 days. 











































MICROSCOPIC FINDINGS (FIG. 1) 


Like the naturally occurring disease, the 
areas of necrosis were segmentally scattered 
between relatively normal pancreatic paren- 
chyma and other areas in which there was 
obvious acute interstitial pancreatitis. Those 
zones showing most massive involvement 
demonstrated a complete coagulation necro- 
sis of the parenchymal and supporting ele- 
ments of the pancreas. ‘The acinar cells were 
transformed into eosinophilic coagula and 
the blood vessels and ducts were similarly 
destroyed. In these areas of massive destruc- 
tion, there was little or no inflammatory cell 
reaction; however, this was found to be quite 
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marked at the periphery of the necrotic areas, 
Hemorrhage into and around these areas 
was common, and the capillaries and venules 
were quite engorged with red cells. A striking 
feature of the experimental lesion was the 
thrombotic occlusion of capillaries and smal] 
veins by fibrinoid material. In the larger 
veins the thrombi were quite obviously lam- 
inated, while in the smaller vessels they were 
homogeneous, brightly eosinophilic, and 
showed the tinctorial characteristics of fi- 
brinoid. The occluded vessels, large and small, 
were localized to areas of necrosis or their 
periphery. They were not found in either the 
normal appearing portions of the pancreas 
or in the areas where there was extensive in- 
terstitial pancreatitis. The walls of the larger 
veins occluded by thrombi frequently showed 
extensive leucocytic invasion and segmental 
necrosis. Occasionally, clumps of blue stain- 
ing bacteria could be made out within the 
necrotic tissue although, unless specifically 
searched for, the bacteria were difficult to 
find. The ducts in some areas were quite en- 
gorged with leucocytes and occasionally 
showed infiltration of their walls by these in- 
flammatory cells. Scattered areas of fat ne- 
crosis were quite prominent, 


THE MECHANISM OF THE NECROSIS PRODUCED 
WITH ESCHERICHIA COLI 0-4 


The results described before clearly dem- 
onstrate the ability of a particular coliform 
strain to bring about extensive pancreatic 
necrosis. Under the same conditions, a num- 
ber of related and unrelated microorganisms 
produced only an acute interstitial pancre- 
atitis. To study their tissue effect more fully, 
comparable suspension of the various micro- 
organisms were injected intradermally in 
rabbits and the effects were studied grossly, 
histologically, and by means of the intrave- 
nous dye test. The following procedure was 
followed: 


The strains of microorganisms used in the previous 
experiments were made up in saline suspensions of 
identical concentration. These suspensions were then 
injected intradermally in 0.2 cubic centimeter vol- 
umes through a fine needle into the skin of adult rab- 
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Fic. 1. a, b, Pancreatic necrosis produced in the rabbit by means of Escherichia coli 0-4. c, Pan- 
creatic necrosis produced in the dog by means of Escherichia coli 0-4. d, Suppurative pancreatitis 
in dog following the intraductal injection of Staphylococcus aureus (Wood-46). e, Venular thrcm- 
bosis in dog dying with Escherichia coli pancreatic necrosis. f, Acute interstitial pancreatis pro- 
duced in the dog by means of Streptococcus hemolyticus. 
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TABLE III.—DERMAL EFFECTS OF VARIOUS MICROORGANISMS 


Time interval 


No. of between injec- 








Results of dye test i... 





determi- tionand dye = _________ Appearance of skin lesion injection of 20 c.c. 
Organism nation test, hrs. Gross Microscopic 7 per cent trypan blu 
Escherichia coli 0-4 4 30 min Edematous area Subcutaneous edema Complete infiltration of in- 
jected site 
10 1 Pale central area with Early leucocyte infiltration Same 
surrounding hyperemia 
10 2 Area approximately Increasing leucocyte Same 
2 cm. in diameter with infiltration 
inflammation increasing 
in intensity 
10 4 Same as above with Beginning thrombotic Same 
scattered petechiae occlusion of small 
appearing vessels 
5 6 Area increasing in size; Extensive small vessel Exclusion of dye from 
central area pale with thrombosis. Peripheral central pale area 
hemorrhagic border leucocyte reaction 
10 24 Areas ranged from 2-8 Frank dermal necrosis. Complete exclusion of dye 
cm. in diameter. Central Extensive venular and 
area pale and waxy venous thromboses 
with surrounding 
hemorrhage and 
hyperemia 
Escherichia coli 607 4 24 2-3 cm. edematous and Acute cellular inflam- Excessive dye accumulation 
hyperemic area matory reaction. Small in the injected area 
vessels dilated and 
patent. No dermal 
necrosis 
Str. pyogenes 4 24 Same Same Same 
(hemolyticus) ; 
type 19 
B. proteus 4 24 Same Same Same 
0.2 c.c. suspensions 108 per c.c. were used, 


bits shaved at least 24 hours previously. The develop- 
ment of the skin lesions was then noted. At varying 
intervals after the intradermal injection, 20 cubic cen- 
timeters of 1 per cent trypan blue were given by way 
of an ear vein as a single injection in each rabbit. The 
immediate distribution of this dye in the skin was then 
observed. The rabbits were then sacrificed by an over- 
dose of nembutal and skin sections immediately ob- 
tained and fixed in formalin. Sections were stained by 
the following methods: hematoxylin and eosin, peri- 
odic acid, Weigert’s elastic stain, and Mallory’s tri- 
chrome stain. 


These results are summarized in Table III. 
It will be seen that the skin reaction of the 
0-4 strain differed grossly from those of the 
other microorganisms. With the former strain 
there developed a mildly hemorrhagic lesion 
with a central pallid zone. Over the 24 hour 
period the lesion extended peripherally to 
cover approximately a 2 by 3 by 4 centime- 
ter area of skin (Fig. 2). Histologic examina- 
tion at this time demonstrated extensive der- 
mal coagulation necrosis with peripheral 
leucocyte infiltration. Serial study of the de- 


veloping dermal lesion showed an early pe- 
ripheral infiltration of leucocytes, followed at 
4 hours by beginning occlusion of many cap- 
illaries and venules by pink staining fibrinoid 
material. Subsequently, veins of the 30 to 80 
micron caliber were found to develop lami- 
nated thrombi and mural infiltration by 
polymorphonuclear leucocytes, and by 24 
hours’ complete coagulation necrosis of the 
overlying epithelium was apparent. These 
findings suggested that the necrotizing effect 
produced by the 0-4 strain was at least in 
part the result of thrombosis and subsequent 
ischemia. The gross and histologic picture 
produced with suspensions of the other imi- 
croorganisms gave an entirely different re- 
sult. In this group, the lesion developed as a 
spreading edema and hyperemia, progressing 
spontaneously to complete resolution in 4¢ to 
72 hours. Microscopically, too, there was 
diffuse edema and polymorph infiltrat:on 
without thrombotic vascular lesions. To ‘:b- 
tain an idea of the circulation in the arez of 
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the developing skin lesion, trypan blue, which 
is rapidly bound to the serum protein, was 
injected intravenously and a study of the 
iminediate cutaneous dye distribution was 
carried out. 

As shown in Table III, in the rabbits in- 
jected with the 0-4 strain, the pallid central 
zone, destined to become necrotic, remained 
completely unstained by the dye demonstrat- 
ing exclusion of blood flow to the area. This 
ischemic reaction occurred approximately 4 
hours after injection of the bacteria and coin- 
cided with the development of fibrinoid 
plugs within the small vessels. Subsequently, 
the local dermal ischemia persisted until 
frank skin necrosis ensued. Local suppression 
of blood flow would appear to be the mecha- 
nism whereby this strain of Escherichia coli 
produces tissue necrosis. Inflammation pro- 
duced by the other microorganisms was of 
standard exudative type and, as shown by 
Menkin’s intravenous trypan blue injection, 
was soon followed by dye accumulation at 
the site of inflammation. 

Taken together, these findings appear to 
indicate that the primary mechanism pre- 
cipitating both the pancreatic and the der- 
mal necrosis is prolonged local ischemia. It 
would thus seem that the presence or ab- 
sence of thrombotic small vessel lesions de- 
termines the development of the necrotizing 
lesion on the one hand or the acute inflam- 
matory lesion on the other. Control studies 
using heat sterilized cultures uniformly failed 
to produce more than a mild interstitial 
edema and leucocyte infiltration showing 
that the living microorganism is necessary 
for the production of the necrotizing lesion, 
though, as shown previously, a similar necro- 
tizing lesion may be brought about by using 
endotoxin when the local Shwartzman re- 
action is elicited by intravenous provocation. 
Moreover, the interstitial pancreatitis pro- 
duced with the other gram negative bacteria 
may frequently be converted into pancreatic 
necrosis in the rabbit when the intraductal 
inj ction of living bacteria is followed within 
24 hours by the intravenous injection of po- 
ten’ endotoxin. 
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Fic. 2. Photograph illustrating spreading dermal hem- 
orrhage and extensive dermal coagulation necrosis which 
were induced by injecting a 0.2 cubic centimeter suspen- 
sion of Escherichia coli 0-4 into the skin of a rabbit. Mi- 
croscopically, there was prominent small vessel occlusion 
by fibrinoid thrombi. 


DISCUSSION 


The results of the present experiments 
demonstrate clearly that severe pancreatic 
necrosis may be brought about by living 
microorganisms under certain conditions. 
Firstly, the bacteria must be introduced un- 
der circumstances favorable to their growth 
and dissemination. The two important fac- 
tors in this regard would seem to be the ini- 
tial concentration of bacteria and the pres- 
ence of a high degree of pancreatic ductal 
obstruction. Secondly, the microorganism, 
or its toxin (27), must be capable of produc- 
ing extensive small vessel occlusion. In the 
present series of experiments, the pancreatic 
necrosis produced by the 0-4 strain of Es- 
cherichia coli appears to be the direct result 
of the small vessel thromboses produced by 
this organism. As pointed out before, many 
gram negative organisms which are not ca- 
pable of producing necrotizing lesions in the 
pancreas or the skin by direct action may do 
so when the local Shwartzman reaction is 
provoked (25). This conversion of an inter- 
stitial inflammatory reaction to a necrotizing 
pancreatic lesion appears to be dependent 
on the capillary and venular thromboses 
precipitated by the Shwartzman phenom- 
enon. 

Apart from the implication of this finding 
for the understanding of bacterial necrotizing 
pancreatitis, it has a more general applica- 
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Fic. 3. Massive hemorrhagic pancreatic necrosis. Five 
cubic centimeters of 1 per cent mucin containing 500,000 
Escherichia coli 0-4 organisms per cubic centimeter 
were injected into the major pancreatic duct at a pressure 
of 28 millimeters of mercury. The duct was ligated. The 
animal was sacrificed 48 hours later when in a moribund 
state. Microscopically there was extensive pancreatic ne- 
crosis. 


tion to problems of bacterial necrosis. ‘The 
possibility thus arises that many forms of 
necrotizing bacterial action are due to local 
circulatory stasis (26). Even in closed loop 
bowel obstruction or mesenteric vein occlu- 
sion, the development of bowel necrosis may 
be considerably influenced by prior steriliza- 
tion of the bowel with antibiotics, or by the 
use of anticoagulants. In both instances, the 
treatment would act to prevent the develop- 
ment of the small vessel thromboses so read- 
ily induced by some species of intestinal bac- 
teria. 





Fic. 4. Acute interstitial pancreatitis. Five cubic centi- 
meters of saline containing 500,000 Aerobacter aerogenes 
organisms per cubic centimeter were injected at low pres- 
sure into the major pancreatic duct of the dog. When sac- 
rificed at 36 hours the animal had fully recovered al- 
though the serum amylase was significantly elevated. The 
‘*glassy”” edema of Zoepfel is prominent in this specimen. 


Having established that hemorrhagic piin- 
creatic necrosis, acute interstitial and acute 
suppurative pancreatitis may be produced 
experimentally by living bacteria, the ques- 
tion arises whether bacteria are of impor- 
tance in the causation of the human disease. 

In attempting to evaluate the role of in- 
fection in the pathogenesis of pancreatitis, it 
should be realized that in the vast majority 
of cases either no bacteriologic studies have 
been made or they have been inadequately 
performed. Finally, in cases in which bac- 
teria have been isolated, their presence has 
often been explained either as contamination 
or secondary invasion. 

Hlava found colon bacillus and other or- 
ganisms in cases of hemorrhagic pancreatitis 
and similar findings were made by Cutler 
and Reynolds and Moore. Leonhardt, in 1 
case, found staphylococci, streptococci, and 
bacilli; while Jackson and Ernst in 1 of Fitz’ 
cases, isolated 4 species of bacteria. Ponfick 
and Marx each cultivated a colon bacillus. 
On the basis of these varied findings and the 
lack of uniformity in the organisms cultured, 
Opie reached the conclusion that these bac- 
teria are secondary invaders of injured tissue. 
Further study of the literature shows that 
Larkin in 1898 isolated Bacillus aerogenes 
from a hemorrhagic pancreatitis with an ab- 
scess of the liver. Germain and Christian 
identified streptococci in an early case of 
acute interstitial pancreatitis in 1904. More 
recently, 2 similar fatal cases of acute inter- 
stitial pancreatitis following the ingestion of 
infected codfish were reported by O. Koller. 
In these cases, in which a very thorough bac- 
teriologic examination was made, hemolytic 
streptococci were recovered from the peri- 
toneal fluid and the pancreas and actually 
demonstrated in the interstitial tissue of the 
pancreas. TI’. J. Gunther in 1909 reported a 
case of acute cholecystitis and cholelithiasis 
from which pure cultures of Bacillus welc iii 
were obtained. ‘Two days later, the patient 
died with necrotizing pancreatitis and ‘at 
necrosis, and the same organism was ¢)b- 
tained from the necrotic pancreas and peri'0- 
neal exudate. A very similar case was studi:d 
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by Phemister in which there was a combina- 
tion of acute pancreatitis and gangrenous 
cholecystitis. Cultures from the peritoneal 
exudate, pancreas, and bile all demonstrated 
pure cultures of Clostridium perfringens. 
Lewisohn reports a nonfatal case in which 
hemolytic staphylococci were recovered both 
from the pancreas and the gallbladder at 
operation. Yet, in the series of cases reported 
by von Schmieden and Sebening, nearly 50 
per cent were reported as sterile. Again the 
adequacy of the culture technique in this 
group is not known. Truhart in 1902 sum- 
marized a number of cases in which bacteria 
had been identified in or around the pan- 
creas. It seems evident that a bacterial cause 
of pancreatitis has been demonstrated in a 
few, and not excluded in the majority of 
cases. 

Experimentally, Hlava was probably the 
first to inject colon bacilli into the pancreas 
and report the occurrence of a hemorrhagic 
lesion. This was confirmed by Flexner who 
produced the disease with both Escherichia 
coliand pyocyaneus. Archibald in 1919 found 
that infected bile gave pancreatitis more 
consistently than sterile bile and invariably 
gave a more severe lesion. Similarly, Nord- 
mann, who produced bile reflux into the 
pancreatic duct in dogs, found that pancre- 
atitis developed only when the bile was de- 
liberately infected. Apart from demonstrat- 
ing the possible importance of bacteria in the 
causation of the various types of acute pan- 
creatitis, the present studies emphasize the 
role of small vessel thrombosis in the patho- 
genesis of necrotizing pancreatitis. Moreover, 
in human autopsy material the histologic 
appearance of the lesion and the common 
occurrence of thrombotic lesions favor the 
concept of an ischemic origin to this disease 
(28). Evidence advanced in the present pa- 
per tends to support this concept as both 
the pancreatic and dermal necrosis produced 
by certain bacteria appeared to be directly 
connected with the ability of the micro- 
or ‘anisms to initiate small vessel thromboses. 

Whether or not acute interstitial and ne- 
cr tizing pancreatitis are related diseases is 
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not yet clear. In the present studies spon- 
taneous progression of the interstitial into the 
necrotizing form did not occur, yet this de- 
velopment could be induced experimentally 
by establishing an endotoxemia or bactere- 
mia thus producing extensive thrombotic 
lesions within the pancreas as a local mani- 
festation of the Shwartzman reaction. This 
finding may provide a mechanism whereby 
an unrecognized mild pancreatitis may be 
transformed postoperatively into a fulminat- 
ing hemorrhagic lesion. Indeed, many cases 
of postoperative pancreatitis show histologic 
evidence of previous pancreatic disease. 

Finally, Dragstedt’s demonstration that 
the intraperitoneal autolysis of sterile pan- 
creatic tissue is quite innocuous has left a 
hiatus in the understanding of the lethal 
mechanism of pancreatic necrosis. If bac- 
teria may be implicated in the human dis- 
ease, the shock-like syndrome associated with 
the lethal forms of this disease may be more 
readily understood, for irreversible shock is 
not infrequently associated both clinically 
and experimentally with endotoxemia or 
bacteremia. 


SUMMARY 


Acute interstitial pancreatitis and hemor- 
rhagic necrotizing pancreatitis closely re- 
sembling the human disease were regularly 
reproduced experimentally by the intra- 
ductal injection of living bacteria. Inter- 
stitial pancreatitis developed after the intra- 
ductal injection of various microorganisms, 
while hemorrhagic necrotizing pancreatitis 
could only be produced regularly by 
Escherichia coli of the 0—4 strain. Further 
studies indicated that the concentration of 
microorganisms and the factor of ductal 
obstruction were important in determining 
the extent of the pancreatitis. ‘The special 
activity of the 0-4 strain in producing 
necrotizing pancreatitis was closely related 
to the pronounced ability of the micro- 
organism to produce extensive small vessel 
thromboses. Apart from the possible impli- 
cations of these findings in the human 
disease they merit careful consideration in 
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analyzing the results of experimental pan- 
creatitis produced by various techniques. 
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FLRTHER OBSERVATIONS ON ECTOPIC 





ENDOMETRIUM OF THE FALLOPIAN TUBE 


I. C. RUBIN, M.D., F.A.C.S., JAMES R. LISA, M.D., and 
SALVADOR TRINIDAD, M.D., New York, New York 


A PREVIOUS COMMUNICATION (12) dealt with 
the interstitial portion of the fallopian tube 
based on the study of 300 uteri with 554 in- 
tact cornua. In that report, one-fourth of 
the uteri (75 specimens) showed endome- 
trium in the mucosa of the interstitial por- 
tion of the tubes. The conclusion inciden- 
tally drawn was that the occurrence of this 
ectopic lesion was developmental in origin. 
Our observations have since led to consid- 
eration of several other problems. The first 
is whether endometrium occurs more fre- 
quently in the extrauterine segment of the 
tube than the literature indicates and the 
question of any possible relation with tubal 
pregnancy. Its bearing upon the problem of 
sterility is another question to be answered. 
A fourth question is the relationship to other 
pathologic conditions in the tube. In an at- 
tempt to obtain data bearing upon these 
questions, the extrauterine portions of a se- 
ries of surgically resected tubes were exam- 
ined histologically. The results of our study 
are presented in this report. 


MATERIAL AND METHODS 


The material consisted of 335 tubes, ob- 
tained from 200 uteri removed surgically 
with one or both tubes intact undamaged by 
ligation or clamping. The last 185 uteri were 
consecutive specimens, the first 15 were not. 
Both tubes were found attached in 135 spec- 
imcens, the right tube alone in 40 and the 
left tube alone in 25. After opening the 
uterus by a midline sagittal incision and 
transverse incisions through the anterior wall 
below the horns to expose the cavity, the 
spe-imens were fixed in neutralized 10 per 

F: 1m the Doctors Hospital, New York. 


cent formalin solution. The tubes were cut 
in serial blocks 3 millimeters thick, in con- 
formity with the diagram illustrated in Fig- 
ure 1. One or more slides were prepared 
from each block. In some specimens, serial 
sections were taken from specific blocks. The 
stain employed was hematoxylin and eosin. 


OBSERVATIONS 


Age. The ages of the 200 patients from 
whom the uteri were removed ranged from 
the third to the eighth decade of life, the 
majority falling in the fifth decade. The 
youngest patient was 23 years old and the 
oldest 71 years of age. The data are summa- 
rized as follows: 3 patients in the third decade 
(21 to 30 years), 33 in the fourth, 109 in the 
fifth, 47 in the sixth, 7 in the seventh, and 1 
in the eighth decade of life. 

Endometrium was present in the lumen 
of the extrauterine portion of the fallopian 
tube in 19 of the 200 specimens, an inci- 
dence of 9.5 per cent. The endometrium was 
represented by glands and stroma in 14 cases. 
It was represented by endometrial stroma 
and surface epithelium of uterine character, 
either alone or combined, in 5 cases. In the 
present study, the 14 cases will be designated 
the first group and the 5 the second group. 

In the first group of 14 cases, 23 tubes 
were available for study. Endometrium was 
present in 17 of the 23 tubes. In 9 cases, in 
which both tubes were studied, endome- 
trium was found on both sides in 3, and on 
one side in 6. In the second group of 5 cases 
with incomplete endometrium, both tubes 
were available for study in 4; the endome- 
trium was unilateral in each case. Only one 
tube was present in the remaining case. 





Fic. 1. Schema for the method of cutting the tubes in 
serial blocks, each 3 millimeters in thickness. 


The location of the endometrium varied 
considerably. In the first group with 17 tubes 
containing endometrium, the isthmic seg- 
ment was involved in 6 (Fig. 2), the ampulla 
in 1 (Fig. 3), and both these tubal segments 
in 10. In some of the latter, there were skip 
areas of normal tubal mucosa. In the 9 tubes 
of the second group, showing incomplete 
patterns of endometrium (Figs. 4 and 5), 
the isthmic segment was the only segment 
that was affected. 

The gross anatomy of the tube was nor- 
mal in the specimens in which the endome- 
trium was limited to the mucosa. It was 
distorted where the endometrium had pene- 
trated into the muscular wall. ‘This condition 
was found in the tubes of 3 patients. The 
tubes were enlarged and deformed by firm, 
somewhat cylindrical masses producing the 
same deformity as seen in salpingitis isthmica 
nodosum. The histologic examination re- 
vealed the features of adenomyosis, similar 
in all respects to the condition encountered 
in the body of the uterus (Fig. 6). In the 
first of the 3 cases with grossly deformed 
tubes, only one tube was available for exam- 
ination. The mucosa showed the character- 
istic endometrial pattern in the isthmic seg- 
ment and endometrial foci of similar nature 
in the ampulla. The ampulla was deformed 
and revealed endometrial penetration into 
the muscular coats. The isthmic segment 
was grossly normal and the endometrium 
was confined to the mucosa. In the second 
of the 3 cases, one tube was deformed, endo- 
metrium was present in all portions, there 
were many skip areas, and the penetration 
into the wall was widespread. The opposite 
tube was not grossly deformed and endome- 
trial foci were confined to the mucosa. In 
the third of the 3 cases, only one tube was 
available for study. The entire mucosa was 
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endometrial in nature and all portions 
showed penetration into the muscular wall. 

Endometrium in the extrauterine portion 
of the tube was usually but not invariably 
associated with the presence of endometrium 
in the interstitial segment. Among the 17 
tubes of the first group, 15 showed endome- 
trium within the corresponding interstitial 
segment. In 2, the interstitial segment was 
lined by tubal mucosa. In the 9 tubes of the 
second group, all showed isolated foci in the 
corresponding interstitial segment. How- 
ever, 26 uteri showing unilateral or bilateral 
endometrium of the interstitial segment were 
free of extrauterine tubal endometrium. 

Cyclic changes in the tubal endometrium 
were lacking. They were not evident even 
in those instances in which the endometrium 
of the uterus showed secretory activity. In 
the adenomyotic tubes, hemosiderin was 
present both within the buried glands and 
in the wall of the tube, but cyclic changes 
were not seen. 

Endometriosis of the ovaries, pelvic peri- 
toneum, or both was present in 5 of the first 
group and 1 of the second group. It was of 
interest to note that only in 1 case was ex- 
tratubal endometriosis associated with tubal 
adenomyosis. Of the 181 patients free of 
isthmic or ampullary tubal endometrium, 
16 had pelvic peritoneal or ovarian endo- 
metriosis. 

Adenomyosis of the uterus was present in 
11 patients of the first group and 1 of the 
second group. In the remaining 181 patients 
without endometrium in the isthmic and 
ampullary segments of the tubes, adenomyo- 
sis was present in 91 uteri and was absent 
in 90 uteri. 


DISCUSSION 


The histogenesis of endometrium occur- 
ring within the lumen of the fallopian tube is 
a subject about which there is still general 
disagreement. Two main theories have been 
advanced to explain its occurrence. Accord- 
ing to Brocq and Varangot, Meyer ho!ds 
that a metaplasia occurs because of a con- 
mon embryonal origin of tube and ute1 1s. 
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Fic. 3. 


Fic. 2. The isthmic portion of the fallopian tube is completely lined by endometrium composed 


both of glands and stroma. X18. 


Fic. 3. The ampullary segment of a fallopian tube showing endometrium interspersed with skip 
areas. In the lower part of the photo there is a complete endometrium with glands and stroma. 
Toward the upper part on both sides there are normal tubal villi. X18. 


Sampson maintains that it develops from 
fragments of endometrium displaced from 
the uterine cavity and regurgitated into the 
lumen. In a discussion of the problem of the 
interstitial segment of the fallopian tube, 
Lisa, Rubin, and Gioia suggested that endo- 
metrium within the tube developed in tissues 
of common origin having similar inherent 
potentialities and acted upon by hormonal 
influences beginning at puberty. If this con- 
cept is correct for the interstitial segment, 
it would also be correct for the extrauterine 
portion. It would not be necessary, therefore, 
to postulate a metaplastic change. The pres- 
ence of complete or partial differentiation 
and of skip areas would likewise be compat- 
ible with this concept. The distribution of 
the endometrium and its more frequent pres- 
ence in the isthmic segment suggests that 
the developmental potentialities diminish in 
the more distal portions of the tube at points 
of increasing distance from the body of the 
uterus. 

lirocq and Varangot have aptly described 
a tbe possessing endometrium as a uterus 





in miniature. The tubal endometrium mani- 
fests the same ability to produce an adeno- 
myotic lesion as the uterine mucosa proper. 
A conspicuous feature of this lesion in the 
tube is the relative increase of muscle sur- 
rounding the endometrial foci. This feature 
is more evident in the isthmic portion but 
also occurs in the ampulla. Tubal adeno- 
myosis does not appear to have any relation 
to antecedent salpingitis. The possibility of 
a mural abscess rupturing into the lumen 
and its subsequent epithelization with pres- 
ervation of luminal continuity as an expla- 
nation of tubal adenomyosis is theoretically 
tenable, but to the best of our knowledge, 
has not been proved. Our observations in 
salpingitis involving the isthmic and intersti- 
tial segments have shown a definite tendency 
toward fibrous tissue obliteration of the lu- 
men of these tubal portions but no evidence 
of penetration by epithelial cells into the 
muscular wall. In the ampullary segment, 
the adhesions between villi produce a pseu- 
dofollicular appearance, but the epithelium 
does not tend to penetrate into the muscular 








Fic. 4. 


Fic. 5. 


Fic. 4. Incomplete endometrium in the isthmic seg- 
ment of fallopian tube. One villus at lower right is covered 
with a single layered tall opaque epithelium of uterine 
type; the body of the villus has endometrial stroma. Be- 
low this villus in lower center the wall is lined by nests of 
similar epithelium interspersed with tubal epithelium 
showing both clear and picket cells. 24. 

Fic. 5. A single villus in the ampulla of a fallopian 
tube lined by tall opaque epithelium of uterine character. 
The contrast between this epithelium and the epithelium 
of tubal nature visible in the lower right is noteworthy. 
190. 


coats. Even in the healed stage of hydro- 
salpinx, penetration into the wall is absent 
and the muscular coat is thin and atrophic. 
In our series, there were 12 cases of salpin- 
gitis. None of them showed any of the fea- 
tures seen in adenomyosis. 

The presence of endometrium within the 
fallopian tube poses the question of its rela- 
tion to tubal pregnancy. A causal relation- 
ship has been advocated by Villard and his 
co-workers and by Frankel and Schenck. The 
latter observers reported 1 case found in a 
study they carried out on ectopic pregnancy. 
Case 1 of Chalnot and his associates is sim- 
ilar. In Case 2, the left tube was the site of 
pregnancy and lacked endometrium. In the 
right tube, there was an adenomyosis. Gori 
reported that in tubal pregnancies, 9.7 per 
cent had tubal endometrium. Chalnot and 
his collaborators believed that a more 
careful histologic examination would reveal 
many more cases than are now reported. 
Pregnancy in an adenomyotic tube was re- 
ported by Cornil. In the present series of 
200 cases, there was no instance of recent 
ectopic pregnancy. Only 1 patient gave a 
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history of ectopic pregnancy and resection 
of a tube. In this instance, there was bivat- 
eral tubal adenomyosis. Whether the poriion 
of the tube resected, which evidently was 
the distal segment, contained any endoine- 
trium, is unknown. Five other patients 
showing tubal endometrium of mucosal site 
had from 1 to 3 normal intrauterine preg- 
nancies. Although placental implantation 
may occur in tubal endometrium, its pres- 
ence does not appear to play a predominant 
role in tubal pregnancy. 

Adenomyosis of the tube as a cause of ha- 
bitual abortion was advanced by Bertaud. 
He reported the case of a woman who had 3 
spontaneous abortions. When seen by him, 
she presented the clinical features of a rup- 
tured ectopic pregnancy. At operation, the 
terminal portion of the left tube appeared to 
be the site of pregnancy and was resected. 
Histologic examination revealed a tubal ade- 
nomyosis without evidence of pregnancy. 
Five hours later, she aborted spontaneously. 
Eight months later there was a normal full 
term pregnancy. Pollosson in his discussion 
of Bertaud’s report, questioned the role of 
the adenomyosis as a causal factor in the 
habitual abortion. Data bearing on this 
point are lacking in the 3 patients of the 
present series who had tubal adenomyosis. 

Sterility has been found associated with 
tubal adenomyosis in several instances. Du- 
buis reported 3 cases, Fabre 2 cases, and 
Merget and Hervet 1 case. In the present 





Fic. 6. Adenomyosis of ampullary and fimbriated s: 3- 
ments of a fallopian tube. 5.67. 
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sei ies, Clinical data in regard to pregnancies, 
except as noted before, were lacking in the 
3 patients who had tubal adenomyosis. It is 
of interest to note, however, that subse- 
quently 2 more patients with tubal adeno- 
myosis confirmed by histologic examination 
complained of sterility. | 

Tubal endometrium of mucosal site and 
tubal adenomyosis may or may not be as- 
sociated with endometriosis of the ovaries or 
peritoneum. In the case of tubal adenomyosis 
reported by Lantuejoul and his associates, 
the pelvic peritoneum and the serosa of the 
tubes were affected. In the 2 patients of 
Chalnot and his associates, endometriosis 
was not present. Gori found extratubal en- 
dometriosis in 36 per cent of his series. In 
our series, 5 of the first group and 1 of the 
second group had endometriosis of the ova- 
ries or pelvic peritoneum. Two of the 3 pa- 
tients with tubal adenomyosis were free of 
extratubal endometriosis. 

The variable site of tubal adenomyosis 
noted in our cases corresponds with the find- 
ings of other observers. The isthmic situation 
was particularly noted by Merget and Her- 
vet, Fabre, Lantuejoul and co-workers, and 
by Rodriguez. Bertaud found it in the ter- 
minal portion of the tube. Bertrand and his 
associates found it to be diffuse. There are 
no data in the literature concerning the seg- 
ment of the tube involved by endometrium 
when confined to the mucosa. 

Symptoms caused by tubal adenomyosis 
are not pathognomonic. The symptom most 
frequently mentioned by observers is dys- 
menorrhea but uterine adenomyosis which 
was frequently present may have played the 
more important role. 

Salpingography may give roentgenologic 
evidence of tubal adenomyosis. Several of the 
French observers describe a filamentous bas- 
ket-like deformity of the tubal lumen. Roent- 
genologic studies were not carried out in the 
patients of our series. 

The terms used in the medical literature 
to denote the presence of endometrium with- 
in the lumen of the fallopian tube are con- 
fu sing. “‘Endometriosis”’ is the one commonly 
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encountered but the same term is also used 
to denote its presence when limited to the 
tubal serosa. Bedoya Gonzales attempted to 
be more specific and divided the condition 
into two groups, endometriosis of the en- 
dosalpinx and endometriosis of the myosal- 
pinx. Bertrand described the latter condition 
as ‘‘parietal endometriosis.”” Gori employed 
the term ‘‘tubal endometriosis.”’ In order to 
clear up the confusion in these terms, the 
following simplification appears to be war- 
ranted: ectopic tubal endometrium to designate 
the presence of endometrium confined to the 
mucosa; tubal adenomyosis to designate pene- 
tration into the tubal muscular walls; tubal 
endometriosis to designate serosal involve- 
ment. 


SUMMARY AND CONCLUSIONS 


The incidence and clinical importance of 
endometrium within the lumen of the extra- 
uterine portion of the fallopian tube have 
been presented. Three hundred thirty-five 
tubes obtained from 200 hysterectomies were 
examined. The ages of the patients ranged 
from 23 to 71 years, the majority falling in 
the fifth decade. Endometrium of the tubal 
lumen was present in 19 of the 200 speci- 
mens, an incidence of 9.5 per cent. Glands 
and stroma together were found in 14 and 
uterine epithelium or stroma or both were 
found in 5. It occurred both unilaterally and 
bilaterally, continuously or focally. The 
isthmic segment was more frequently af- 
fected. The gross anatomy of the tube was 
normal when the endometrium was confined 
to the mucosa. When adenomyosis was pres- 
ent, the resultant deformity resembled that 
found in salpingitis isthmica nodosum. 

Endometrium within the extrauterine por- 
tion of the tube was frequently but not in- 
variably associated with endometrium within 
the corresponding interstitial segment. Cyclic 
changes were not observed. Endometriosis 
of the ovaries or pelvic peritoneum was pres- 
ent in one-third of the cases with tubal 
endometrium. The histogenesis appears to 
rest on a developmental basis. There is no 
demonstrable relation to antecedent salpin- 
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gitis. The presence of endometrium within 
the tube does not appear to play a promi- 
nent role in tubal pregnancy. Tubal adeno- 
myosis may be a significant factor in some 
cases of sterility. Salpingography may give 
diagnostic findings in the presence of adeno- 
myosis of the tube. 

The presence of endometrium within the 
lumen of the extrauterine portion of the 
fallopian tube is usually reported in medical 
literature under the term ‘‘endometriosis,”’ 
sometimes modified by phrases such as “‘of 
the endosalpinx,”’ ‘‘of the myosalpinx,”’ or 
‘‘parietal.’’ The same term ‘‘endometriosis” 
is used to denote involvement of the serosa. 
In order to clarify the confusion of these 
terms, the following simplification is pro- 
posed: ectopic tubal endometrium to designate 
the presence of endometrium confined to the 
tubal mucosa; tubal adenomyosis to designate 
penetration into the tubal muscular walls; 
tubal endometriosis to designate serosal in- 
volvement. 
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THE CORNUAL SPHINCTER OF THE UTERUS 


R. G. HUNTER, M.D., G. W. HENRY, M.D., and W. H. CIVIN, M.D., Honolulu, Hawaii 


THE PHYSIOLOGIC ACTIviITIES of the uterus, 
which control the patency of fallopian tubes 
and tubal ostia, have been a fascinating field 
for speculation. ‘There must be some mech- 
anism by which the tract is opened at ovula- 
tion and closed at menstruation. Menstrual 
blood in the abdominal cavity is a rare find- 
ing except where there is a congenital atre- 
sia or complete stenosis of the cervix. For 
many years we have been told that the pain 
occurring during salpingography was pro- 
duced by the peritoneal irritation of the me- 
dium. It is true that many of the media cause 
irritation and pain when spilled into the 
peritoneal cavity. The evidence is the granu- 
lomas found at later exploration. This dis- 
comfort is dull and generalized and occurs 
late in the examination. A second type of 
discomfort can be produced during salping- 
ography. It is sharp and colicky and is en- 
countered early in the procedure; this has 
been called “‘tubal spasm.” ‘““Tubal spasm” 
is the term used to describe a temporary 
obstruction to the transluminal tubal flow of 
medium or gas associated with pain. This 
condition has explained some of the pain, 
but actually the dilatation of the cervix will 
cause some tubal spasm, so-called, in itself, 
and trauma to the endometrium, associated 
with the use of the conventional cannula, 
will certainly have a like effect. Apprehen- 
sion or rough examination also tend to pro- 
duce this so-called tubal spasm. None of 
these causes, however, explains the marked 
variation in the degree of pain produced by 
this procedure in different individuals or in 
the same individual on repeated salping- 
ocrams. 

The uterine cornua and intramural por- 
tion of the fallopian tube have been studied 


by many with varying impressions of the 
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anatomic causes of the sphincter-like mech- 
anism. Butofsky demonstrated the typical 
configuration seen at x-ray examination and 
explained this phenomenon as a fold of endo- 
metrium-like tissue. Lee (7, 8) found a thick- 
ening of the musculature at the cornua of 
rabbits. Hermstein and Neustadt and Geist 
and Goldberger studied the course of the 
tube through the intramural portion of the 
cornua with no direct mention of any sphinc- 
teric muscle. Kennedy postulated that the 
controlling nerve center for the isthmic por- 
tion of the tubes and the internal os of the 
cervix was in the intramural portion of the 
tubes. Wislocki and Guttmacher observed 
the peristaltic waves seen in the tubes be- 
ginning at the fimbria and progressing to- 
ward the fundus which may or may not be 
co-ordinated with those starting at the cor- 
nua and progressing to the cervix. In his 
discussion of a paper presented by Americo 
Stabile of Montevideo, Uruguay, at the First 
World Congress on Fertility and Sterility in 
New York, May 1953, I. C. Rubin (12) 
demonstrated the cornual sphincter in one 
illustration which is labelled, ‘‘the left uter- 
otubal junction with a sphincter cap.” In 
describing the causes of the oscillations on a 





Fic. 1. Showing the cornual sphincter on both sides. 
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Fic. 2. Two types of cornual sphincter in the same 
patient. 


kymographic record of a uterotubal insufHla- 
tion, Rubin states: ‘‘As to the microballoon 
placed in the myometrium of the uterine 
horn, it is to be marked that, by reason of its 
location, it actually records the contraction 
waves of the intramural portion of the tube, 
which we concede to be powerful contributor 
to the total oscillation effect produced during 
uterotubal insufflation. The intramural por- 
tion, however, is more a part of the tube than 
of the uterus. Because it is reinforced with an 
additional muscle coat consisting of an inner- 
most longitudinal layer, its muscular force 
is increased over that of the rest of the tube, 
acting like a sphincter.’ Novak describes 
this portion as follows: ‘‘The muscular coat 
consists for the most part of an inner circular 
and an outer longitudinal layer, though an 
additional and innermost incomplete longi- 
tudinal layer is added at the uterine end of 
the tube. The interstitial or intramural por- 
tion is surrounded by the interlacing mesh- 
work of cornual muscle tissue.”’ 
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Frc. 3. A third type of cornual sphincter is illustrated 
in this roentgenogram. 


Attempts have been made to determine 
the variations in pressure necessary to force 
various media from the uterus into the tube 
in different animals. Alden reported that it 
was with great difficulty that normal saline 
was injected from the uterus into the tube 
in a number of animals. His principal 
experimental animal was the mouse. He 
found that the only time that the material 
could be forced through easily was at estrus. 
The literature has been searched for obser- 
vations of cyclic changes in the behavior and 
appearance of this particular portion of the 
uterine musculature without success. 

In November 1953, studies were initiated 
to determine whether a sphincter action «\t 
the cornual extremity of the endometri:l 
cavity did exist and could be visibly demon- 
strated. This sphincter should be found 10 
be closed during menstruation and mo:t 
patent during ovulation. Forcing opaque 
media past this barrier at times other tha. 
at ovulation, therefore, should require great« r 
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Fic. 4. Changing shape of the sphincters during a single examination. 


pressures and be associated with greater dis- 
comfort. This we have found to be true. 
With the newer, more radio-opaque materi- 
als that are less irritating to the peritoneum, 
it was found that the moment of discomfort 
coincided with moderate distention of the 
uterus and filling of the cornual portion of 
the endometrial cavity and occurred before 
the material could be visualized in the first 
por tion of the tube. This discomfort was not 
inc eased when the material filled the tubes 
or spilled into the peritoneal cavity. The 


discomfort was very similar in all patients to 
that which they had experienced when they 
had had dysmenorrhea. When the procedure 
was done at postmenstruation, during the 
proliferative phase or premenstrually, the 
discomfort coincided with the arrival of the 
media at the interstitial portion of the tube. 
When done at ovulation, the procedure pro- 
duced practically no discomfort. 

This study was stimulated by the findings 
demonstrated in Figure 1. This x-ray film 
was obtained during a routine cervicohys- 
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Fic. 5. Postmenstrual. Sphincter shown on the left. 


terosalpingogram in November 1953. The 
cornual constrictions or deformities were so 
striking that we reviewed the films of this 
procedure in our files from 1939 to 1953. 

Two hundred and ninety-five patients had 
been examined on 322 occasions. The films 
of 11 were unsatisfactory and were discarded, 


Fic. 6. Ovulation. 






leaving 284 sets of films of value. In 228. or 
80 per cent, this same shadow was visualized 
without question on one or both sides. ‘Che 
remaining 56 did not show the deformity 
either because none existed or because that 
portion of the cornua was obscured because 
of positioning. The finding of this shadow 
in our films is nothing unusual, for it is 
demonstrated in the writings of Rubin(11), 
Williams, Dickenson, and many others. 
There was some variation in the shape of 
this shadow, but three essential types were 
found as shown in Figures 2 and 3. There is 
no interchange between one type and an- 
other, but these shadows change considera- 
bly during the same examination as is well 
shown in Figure 4. The contraction and re- 
laxation of this sphincteric mechanism is 
clearly demonstrated and is not dependent 
upon the amount of filling or pressure used. 
Our next problem was that of demon- 
strating changes dependent upon the time 
in the menstrual cycle. Five women were 
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. 7. First day of menstruation. 
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accumulated x-ray dosage. The procedures 
were then performed at postmenstruation, 
at ovulation, and at premenstruation in the 
same cycle. In 1 woman, the premenstrua- 
tion examination occurred on the first men- 
strual day. 

The findings were quite uniform. High 
pressure was needed to fill the fallopian 
tubes at premenstruation and postmenstrua- 
tion, whereas at ovulation the media prac- 
tically flowed through the tract and spilled 
with no hindrance or discomfort. The vari- 
ations in the shadows are shown in Figures 
5 and 6. Figure 7 was exposed during the 
first day of menstruation and required a very 
high pressure and was associated with much 
more discomfort despite no material filling 
the tubes. 

Subsequently, a patient was studied who 
gave the history of having had repeated 
salingograms elsewhere with the consistent 
report of blockage of one tube. Each of her 
a examinations had required narcotic relief. 

, These examinations had all taken place on 

é the last day of menstruation or close to it. 
A -ervicohysterosalpingogram was done on 
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from its origin in the endometrial cavity. 
The ampulla-like formation is shown clearly. 
At first, attempts were made to carry out 
the dissection in the fresh specimen, but the 
retraction of this collar-like band was so 
great that microtome sections could not be 
obtained subsequently because of the distor- 
tion. Later, a wire was threaded through 
the tube stump and into the endometrial 
cavity, and the specimens were fixed in 
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Fic. 9. Low power photomicrograph showing sphinc- 
teric muscle at the mouth of the intramural orifice of the 
tube. Muscle perimeter partly delineated by white lines 








formalin. After fixation the dissections were 
carried out, and longitudinal and sagittal 
sections were made. 

The sections revealed no constant evi- 
dence of thickening of the muscle in any 
part of the intramural segment of the tube, 
contrary to the statement by Novak and 
Lisa, Gioia, and Rubin. We do not know any 
explanation for this unless, by coincidence, 
they picked cases which showed such a thick- 
ening. It is our conclusion, based on our 
findings, that this thickening, even when 
present, is of little importance in the sphinc- 
teric mechanism controlling tubal patency. 

On the other hand, it is our belief that 
the interlacing meshwork of uterine cornual 
muscle tissue, also described by Novak, is 
the important component constituting the 
tubal sphincteric mechanism. 

After numerous gross examinations of 
longisected tubes, a fibrous-like septum was 
identifiable, situated between tubal and 
uterine musculature. Microscopically, all 
these components could be recognized also 
on longisection (Fig. 9). The endometrium 
is very thin in this area and merges with 
tubal mucosa which forms a few rugae and 
has a thin, fibrous lamina propria. There is, 
however, no continuity between the uterine 
and tubal myomatous elements. The tubal 
muscle is generally thin and composed of a 
solitary bundle with most fibers parallel to 
the longitudinal axis of the tube. A thin but 
well defined bundle of fibrous tissue is inter- 
posed between the salpingeal and the uterine 
musculature at the cornual orifice of the 
tube. The uterine muscle adjacent to the 
orifice is thick and often bulges into the uter- 
ine lumen when relaxed. This muscle is col- 
lected into a sphincter-like mass of interlac- 
ing bundles resembling somewhat the ar- 
rangement seen in the pyloric sphincter, 
although there is more intertwining here. 
This mass completely circumscribes the 
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tubouterine lumen and is so situated that, 
by shortening and thickening of its individ. 
ual fibers during contraction, it interrupts 
patency by bulging into and obliterating 
the lumen. 

It is our conclusion that interruption of 
tubouterine continuity is due to the sphinc- 
teric action of this mass of uterine muscle 
and not to the relatively thin tubal muscle. 

We conclude that this explanation is more 
in keeping with the location and extent of 
constriction seen on x-ray examination. We 
hold that it also can better explain the va- 
rious phenomena produced by cervical 
stimulation or depression. 
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GROWTH IN LENGTH OF RABBIT RIBS 
AT THE COSTOCHONDRAL JUNCTION 


EDWARD W. ROY, D.D.S., M.S., Chicago, Illinois, and BERNARD G. SARNAT, M.D., 


F.A.C.S., Beverly Hills, California 


Ir HAS BEEN DEMONSTRATED histologically 
that growth in length of the rib occurs, in 
part, at the costochondral junction. It has 
been assumed that various ribs have different 
rates of growth. A review of the literature 
revealed numerous genetic, embryologic, 
and histologic studies but none pertaining 
to a gross study of longitudinal growth of 
ribs. The purpose of this investigation was 
to determine the amount of growth in 
length at the costochondral junction of 
various ribs. 

Different methods have been used to 
assess the growth of bones (9). Hales in 1727 
drilled 2 holes along the length of the leg 
bone of the chick and measured the distance 
between the holes. When the bone was fully 
grown, he found that the distance between 
the holes was exactly the same. Thus, Hales 
demonstrated that there is no interstitial 
growth of bone. John Hunter (1770) studied 
growth in the tibia of the pig and tarsus of 
the chicken by boring holes in the bones 
and inserting lead shot. By measuring be- 
tween the shot at the beginning and end of 
the experiment, he confirmed the findings 
of Hales. In 1871 Humphry studied the 
growth of the pig mandible by placing wire 
loops around the ramus. Serial roent- 
genograms in combination with radiopaque 
implants have been utilized to study growth 
of bones of the skull. 


MATERIALS AND METHODS 


Twenty growing female New Zealand 
albino rabbits were used in this study. They 
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were selected because of their rapid growth 
over a short period of time. Their ages ranged 
from 6 to 9 weeks at the beginning of the 
experiment. The animals were fed ad libi- 
tum on standard rabbit ration. 

The rabbits were anesthetized by injec- 
tion into the marginal ear vein of a 3 per 
cent solution of pentobarbital sodium (35 
mgm./kgm. of body weight). Anesthesia 
was immediate and lasted 60 to 90 minutes. 
The rabbit was strapped supine to the oper- 
ating board and the skin of the thorax was 
clipped of hair, cleansed with benzalkonium 
chloride (zephiran) and isolated with sterile 
towels. A clean technique was observed 
throughout the surgical procedure. An inci- 
sion was made through the skin and sub- 
cutaneous tissues starting at the level of the 
second rib, 2 centimeters to the right of the 
midline, and extending laterally at approx- 
imately a 25 degree angle to the level of the 
ninth rib. Next the pectoral muscles were 
divided and retracted exposing the second 
through the ninth ribs in the region of the 
costochondral junction. 

In the rabbit the costal cartilages of the 
first 7 ribs are connected with the sternum. 
The cartilages of the ventral extremities of 
the eighth and ninth ribs are connected 
with each other, while the cartilage tipped 
ends of the tenth, eleventh, and twelfth ribs 
are free. Of these ribs the sixth is the longest. 
In about 10 per cent of our rabbits a thir- 
teenth pair of ribs was present. After identi- 
fying the ninth rib (the last attached one), 
the seventh rib was readily located. The site 
of the costochondral junction was deter- 
mined by the bulge and color change at the 


junction of cartilage and bone (Fig. 1). The 


perichondrium was incised and reflected 
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TABLE I.—TOTAL GROWTH IN LENGTH OF RIBS IN 
20 RABBITS IN AN 8 WEEK PERIOD 


Animal Age al Fight week 
No. operation, weeks = _______increment of growth, mm.——__ 
3d rib 5th rib 7th rib 

5 6 5.4 5.0 14 

7 7 5.6 12.0 10.9 

) a 10.5 11.8 12.2 
16 8 7.4 8.1 11.5 
23 8 7.6 10.5 8.0 
15 8 7.8 11.4 14.2 
18 8 8.2 8.6 10.9 
32 8 8.2 10.9 12.0 
13 8 8.3 9.8 11.4 
34 8 8.3 10.2 11.5 
11 8 8.5 10.2 11.4 
21 8 8.8 9.1 8.3 
26 8 8.8 9.8 10.5 
36 8 8.8 11.4 12.1 
27 8 9.1 9.7 12.5 
39 9 tps 9.2 11.3 
40 9 Vie 12.5 13.4 
38 9 9.3 13.2 18.4 
30 9 9.9 10.6 10.9 
37 9 9.9 10.9 10.3 

Mean 8.2+0.3 10.2+0.4 11.6+0.4 


from the costal cartilage at an area 5 to 10 
millimeters distant from the costochondral 
junction. A No. 3 cleft palate cutting needle 
threaded with No. 000 black silk suture ma- 
terial was passed transversely through about 
the middle of the costal cartilage from the 
caudal to the cranial border. The suture 
material was tied at the caudal border of 
the cartilage (Fig. 1). The periosteum was 
then incised and elevated on the bony por- 
tion of the same rib at a distance of 5 to 10 
millimeters from the costochondral junc- 
tion. By means of a small diamond wheel in 
a dental handpiece a shallow groove was 
cut across the external surface of the rib 
extending from the caudal to the cranial 
border and at right angles to the borders. 
Thirty-six gauge stainless steel wire suture 
material threaded on a No. 5 cleft palate 
needle was then passed around the rib as 
close as possible to the bone. The wire was 
twisted tightly in place in the prepared 
groove on the external surface of the rib and 
the free ends were cut short and turned in 
toward the bone (Fig. 1). Markers were 
placed in the same manner on either side of 
the costochondral junction of the third and 
fifth ribs. 

A malleable brass wire was bent to con- 
form to the curvature of the cranial border 








Surgery, Gynecology ¢ Obstetrics - October 1956 


of the rib and trimmed until it extended 
from the stainless steel marker to the black 
silk marker. This wire was then straightened 
with a pliers and measured to the neares 
tenth of a millimeter with a Boley gauge. 
The muscle layers were reapproxiinated 
with No. 000 plain catgut suture. The skin 
was closed with No. 000 black silk suture. 

Eight weeks following the placement of 
the markers the animals were sacrificed by 
means of a lethal dose of 3 per cent pento- 
barbital sodium injected into the marginal 
ear vein. The ribs were exposed in the same 
manner as in the initial surgical procedure. 
The soft tissues were dissected from the 
markers and measurements of the distance 
between the markers was accomplished as 
initially. 


RESULTS 


Gross tissue reaction to the markers. One hun- 
dred and twenty markers were inserted, 6( 
black silk and 60 stainless steel wire. Post- 
operatively there was no evidence of infec- 
tion at the wound site in any of the animals. 
Surrounding the free ends of the black silk 
markers an increased amount of fibrous tis- 
sue was noted. The cartilage showed no 
gross evidence of reaction to the black silk 
markers. The bony portion of the rib showed 
evidence of reaction in the form of a bony 
callus which was present on the external 
surface of the ribs in the area of the stainless 
steel markers. In 1 animal, on all 3 marked 
bony ribs, bony callus approximately 4 
millimeters in diameter was also found on 
the inner surface of each rib. 

Separation of the markers. The amount ol 
increase of separation between markers in 
each rib was determined by subtractiny the 
initial from the final measurement. ‘] hese 
measurements revealed that separation of 
the markers was greatest in the sevent!: rib 
and least in the third one, with severa! ex- 
ceptions. In animal 5 the third rib show ed a 
greater amount of growth than the fift': rib 
and in animals 7, 21, 23, and 37 the fift': rib 
showed a greater increment of growth han 
the seventh rib (Table I). The separ tion 
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of markers in all ribs—third, fifth, and 
seventh—varied with the individual animal. 
In the third rib it ranged from 5.4 milli- 
meters (animal 5) to 10.5 millimeters 
(animal 9). Mean growth of the third 
rib at the costochondral junction in the 20 
animals studied was 8.2-:0.3 millimeters 
where the +0.3 is the standard error 
of the mean. The amount of growth of the 
fifth rib ranged from 5.0 millimeters (animal 
5) to 13.2 millimeters (animal 38), with a 
mean of 10.2+0.4 millimeters. In the sev- 
enth rib the amount of growth ranged from 
8.0 millimeters (animal 23) to 18.4 milli- 
meters (animal 38) with a mean of 11.6+0.4 
millimeters. Statistically, the difference in 
amount of growth between the third, fifth, 
and seventh ribs was shown to be significant. 
DISCUSSION 

Method of study. Four principal methods 
have been used in the study of bone growth: 
(1) vital staining by means of madder feed- 
ing and alizarine red S injections, (2) exter- 
nal measurements, (3) implants, and (4) 
serial roentgenograms (9). For this investi- 
gation the use of implants seemed to be the 
most feasible. Various types of implants 
were tried in the search for a satisfactory 
method of marking the ribs. The first type 
used in this study was silver amalgam placed 
insmall cavities prepared with a dental bur 
in the bone and cartilage of the rib. This 
method did not prove to be satisfactory in 
two respects: first, difficulty was encoun- 
tered in obtaining retention of the amalgam 
implanted in the cartilage, and second, in 
preparation of cavities in the bony portion 
of the rib, in most instances, a communica- 
tion with the marrow cavity occurred. 

Several types of clips were next investi- 
gated: skin clips, silver brain clips, and 
custoin-made clips of stainless steel spring 
wire. Because we were not able to fix the 
clips «round the rib securely enough to pre- 
clude movement of the marker, an attempt 
was rade to fix the clip into the rib sub- 
stance. This method resulted in fracture of 
the b-ny portion of the rib. 
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Fic. 1. Photograph of the right side of the chest of a 
rabbit with exposure of the third through the seventh 
ribs. Note the costochondral junctions (J//, IV, V, VI, 
VII) which are apparent because of their bulge and 
difference in color. A needle with No. 000 black silk 
suture has been passed in part through the cartilaginous 
portion of the fifth rib at a and a stainless steel wire suture 
has been passed around the bony portion of the fifth rib 
at b. At ¢ on the third and seventh ribs the black silk 
markers are tied and at d on the same ribs the stainless 
steel wire markers have been twisted tightly and the free 
ends turned in toward the bone. 


Stainless steel wire suture material was 
tried next as a marker. In attempting to pass 
the wire through the bone of the rib, frac- 
ture resulted. The next step was to prepare 
a groove in the external surface of the bone 
for the wire to lie in after being passed 
around the rib. With the wire twisted tightly 
around the rib and lying in the groove, no 
movement of the marker occurred. This 
proved to be a satisfactory method of mark- 
ing the bony portion of the rib. When the 
costal cartilage was marked in this manner, 
however, the wire when twisted tightly cut 
through the cartilage. In order to avoid 
this complication, black silk suture material 
on a No. 3 cleft palate cutting needle was 
passed transversely through about the mid- 
dle of the cartilage and tied, thus fixing the 
marker securely. 

In any study of the growth of bone which 
entails surgical procedures and the placing 
of markers the question arises as to how 
much growth is altered by the trauma of 
these procedures. 

Growth in length of ribs. In the human by 
the fourth month, in utero, the length of the 
rib shaft (bone) bears the same proportion 





Fic. 2. Photomicrographs of the costochondral junc- 
tion of a normal rabbit approximately 100 days of age. 
Note: a, endochondral bone formation; 6, zone of hyper- 
trophic and calcified cartilage; c, zone of proliferating 
cartilage; d, zone of resting cartilage; and e, cartilage 
showing a calcified core. A, Bony rib, cartilaginous rib 
and costochondral junction (X5). B, Higher power 
magnification of area B in A (X59). 


to that of the costal cartilage as in adult 
life. Growth in length of the rib occurs 
mainly by growth of the costal cartilage and 
replacement of a portion of the cartilage 
by bone at the costochondral junction. 
The process of endochondral ossification 
as seen histologically at the costochondral 
junction is similar to that occurring at an 
epiphysis (Figs. 2 and 3). In the so-called 
resting zone the chondrocytes are separated 
from each other by varying amounts of 
matrix. In the adjacent region (proliferating 
zone), the chondrocytes begin to multiply 
more rapidly and form columns of flattened 
cells. The cells within each column are 
separated by small amounts of hyaline in- 
terstitial substance. Adjacent columns of 
cells are separated by wider parallel bands 
of interstitial substance. In the next zone 
(zone of growth of cells and intercellular 
substance or zone of hypertrophic cartilage 
cells), vacuoles develop in the peripheral 
cytoplasm causing the cells to swell. The 
nuclei also swell and lose most of their 
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chromatin. Subsequently, the cells degener. 
ate. There is no sharp boundary beiween 
this zone and the one of calcification. The 
intercolumnar bands of interstitial substance 
become calcified first. This is followed by 
calcification of the matrix between the cells 
within each column. In the next step of the 
sequence there is invasion at the distal end 
of the cartilage cell columns by proliferating 
connective tissue and capillary loops result- 
ing in resorption or dissolution of the thin 
bars of calcified interstitial substance be- 
tween cells in a column. Spicules of the cal- 
cified matrix remain as a scaffolding upon 
which bone is then deposited. 

Endochondral bone formation occurs at: 
(1) the costochondral junctions of the ribs, 
(2) the condyles of the mandible, (3) the 
epiphyses of the long bones, and (4) the 
synchondroses at the base of the skull as well 
as other sites. It is interesting to note, how- 
ever, the variation in arrangement of the 
tissues adjacent to the zone of endochondral 
bone formation (Fig. 3). Next to this site in 
the rib there is only cartilage. In the mandib- 
ular condyle the cartilage is capped with a 
fibrous connective tissue layer. In the epi- 
physes of long bones the cartilage is covered 
by bone which, in turn, is covered by artic- 
ular cartilage. At the synchondroses at the 
base of the skull the tissue arrangement is 
duplicated, so that there are similar sites of 
endochondral bone formation adjoining on 
each side of the cartilage. 

In the rib, growth of the costal cartilage 
and its replacement by bone at the costo- 
chondral junction results in increased length 
of the rib shaft (bone). In addition, because 
the rate of replacement is slower than the 
rate of growth, it also results in increased 
length of the costal cartilage. Growth o! the 
rib in length does not occur solely at the 
costochondral junction. Growth at the cos- 
tosternal junction and the epiphysis o' the 
head of the rib at the costovertebral ar icu- 
lation may also contribute to increa:> in 
length of the rib. 

Due to the arrangement of adjacen tis 
sues in the mandibular condyle it is pos ible 
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for ‘he cartilage to increase in thickness 
(lenyth) not only by interstitial growth but 
also by appositional growth. In the other 3 
regions mentioned (the costochondral junc- 
tions of ribs, the epiphyses of long bones, 
and the synchondroses at the base of the 
skull) growth in length of the bones is de- 
pendent entirely upon interstitial growth of 
cartilage. Thus, the condylar growth center 
of the mandible differs from other cartilagi- 
nous growth centers in its reaction to certain 
pathologic conditions such as in achondro- 
plasia, as pointed out by Sicher. 

In the long bone, increase in length re- 
sults from growth of the epiphyseal and 
articular cartilages, followed by replace- 
ment of a portion of the epiphyseal cartilage 
adjacent to the metaphysis by bone and by 
replacement of a deep layer of the articular 
cartilage by bone. 

At the base of the skull in histologic sec- 
tion the cartilage appears as a ‘“‘double- 
sided” epiphyseal plate (Fig. 3). Interstitial 
growth of this cartilage is unlike that of the 
epiphyseal plate, however, in that it con- 
tributes to growth of both of the bony parts 
adjoining the cartilage. 

Possible clinical application. Facial harmony 
depends upon the co-ordinated growth of 
the jaws, facial bones, and related struc- 
tures. In the human, growth arrest of one 
mandibular condyle results in ‘‘(1) a short, 
wide ramus, a short body, a preangular 
notch, fullness of the face on the side of the 
injury; (2) on the opposite uninjured side, 
elongation of the body and a flat under- 
developed appearance of the face; and (3) 
malocclusion with the mandible skewed to- 
ward the side of the affected condyle” (8). 
The result of a bilateral growth arrest is a 
symmetrical lack of mandibular growth 
characterized by the ‘“‘bird-face,” which 
demonstrates a markedly shortened mandi- 
ble with the chin retruded into about the 
level of the hyoid bone. 

Ai the present there is no satisfactory 
treatment for a growth arrest of the mandib- 
ular condyle. That a cartilaginous growth 
centr can survive autogenous transplanta- 








. bai | ‘3 5 hd 4 ae 4 
COSTOCHONORAL JUNCTION CONDYLE OF MANDIBLE EPIPHYSIS OF LONG BONE SYNCHONDROSIS AT BASE 
OF a8 OF SKULL 


Fic. 3. Diagrammatic representation of the variation 
in tissue arrangement adjacent to endochondral bone 
formation at the costochondral junction of the rib, 
condyle of the mandible, epiphysis of the long bone, and 
synchondrosis at the base of the skull. Note that zones of 
endochondral bone formation are the same: a, bone; 
b, zone of hypertrophic cartilage; c, zone of proliferating 
cartilage. Also note the variation in the tissue arrange- 
ment adjacent to the 4 separate areas of endochondral 
bone formation: d, zone of resting cartilage; e, mature 
cartilage with a calcified core; f, transitional zone of 
cartilage; g, fibrous connective tissue; A, bone and 
marrow of epiphysis; and, 7, articular cartilage. 


tion and cause an organized growth of bone 
has been demonstrated by Lacroix and Gil- 
lette. The costochondral junction of the rib 
in a growing individual appears to be an 
ideal source of a growth center for trans- 
plantation to the mandible for several rea- 
sons: (1) a number of growth centers (ribs) 
to choose from, each with a different rate of 
growth; (2) removal of a portion of one rib 
would be without serious consequence to the 
patient; (3) ready accessibility of this growth 
center for surgical removal; (4) desirable 
shape and easily varied size (in length) of 
the transplant; and (5) arrangement of the 
tissues, the bony part to be fixed to the re- 
maining bone of the mandible and the 
cartilaginous portion to rest in the region of 
the glenoid fossa. 


SUMMARY AND CONCLUSIONS 


The actual and relative amount of growth 
in length at the costochondral junction of 
the third, fifth, and seventh ribs was investi- 
gated in 20 growing New Zealand albino 
rabbits by means of markers placed on each 
side of the costochondral junction. Mean 
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growth in an 8 week period was 8.2 + 0.3 
millimeters in the third rib, 10.2 + 0.4 
millimeters in the fifth rib, and 11.6 + 0.4 
millimeters in the seventh rib. 

This investigation demonstrates that 
growth in length of ribs does occur at the 
costochondral junction and that there is a 
significant difference in the relative amount 
of growth of the third, fifth, and seventh 
ribs in the New Zealand albino rabbit. This 
report also suggests that treatment of man- 
dibular growth arrest (and possibly other 
sites of arrested growth) in the growing in- 
dividual may consist of replacement of the 
affected condyle with an active growth cen- 
ter. The costochondral junction of the rib 
appears to be an ideal source for such a 
growth center. 
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VARIATIONS OF THE TESTICULAR AND OVARIAN 
ARTERIES IN RELATION TO THE RENAL PEDICLE 


HILEL NOTKOVICH, M.D., Jerusalem, Israel 


THE VARIATIONS OF: ORIGIN and course of 
arteries of different organs are not only of 
anatomic and embryologic interest but also 
of practical clinical importance when these 
variations can be the agents of pathologic 
conditions, or in surgery when knowledge of 
them can result in more accurate treatrnent. 
During the last few years with the develop- 
ment of techniques of arteriography the 
knowledge of arteries and of their variations 
has acquired a special importance for cor- 
rect interpretation of the different, and 
sometimes very complicated, roentgeno- 
graphic pictures. Variations of origin and 
course of the testicular and ovarian arteries 
were described by many authors: Gerard, 
Spivack, Cordier and associates, Pick and 
Anson, Sauramo, Martin, and others. In 
this study we will describe variations of the 
course of the testicular and the ovarian 
arteries in relation to the renal pedicle, or 
more specifically in relation to the renal 
vein. This vein is the most constant among 
the elements of the renal pedicle and very 
often is intimately related to the testicular 
or ovarian arteries. We found no such de- 
scription in the current literature or text- 
books of anatomy and believe this observa- 
tion of some importance since it fits the 
interpretations of embryologic development 
as well as some practical conclusions. 


MATERIALS AND METHODS 


This work is based on 183 dissecting room 
cadavers and autopsies. Of these, 158 were 
male and 25 female. In all, 405 testicular or 
Ovarian arteries were dissected. Figures 1 


From the Department of Anatomy, The Hebrew University- 
Hada ‘ah Medical School, Jerusalem, Israel, the Daniel Baugh 
Instit: te of Anatomy of the Jefferson Medical College, and the 
Depa: ment of Anatomy of the Medical School of the Pennsy]- 
vania Jniversity, Philadelphia. 
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and 14 are diagrams; Figures 2 to 11 were 
drawn directly from the dissected specimens; 
Figure 12 is an arteriogram taken from a 
living subject, and Figure 13 is from a ca- 
daver whose arteries were filled with con- 
trasting substances. 


OBSERVATIONS AND DESCRIPTION 


No significant differences were found be- 
tween the variations of the testicular artery 
and the ovarian artery; and their incidences 
were similar. Therefore they will be de- 
scribed together under the indefinite term 
of gonadal artery. The gonadal artery arose 
either from the aorta or from the renal 
artery. Generally, there is one gonadal ar- 
tery on each side but often we found 2 on 
one or on both sides. In 2 cases, we found 3 
gonadal arteries on the left side. ‘They follow 
different courses in relation to the renal vein, 
but in general they fit into 3 main patterns 
on each side: here called types I, II, and III, 
all of which are represented diagrammati- 
cally in Figure 1. Their incidence is shown in 
Table I. 

We will describe successively all those 
types which are found on each side in arteries 
of aortic and renal origin. 


GONADAL ARTERIES OF AORTIC ORIGIN 


Left side— Type I (Figs. 1, 3, 4, 7, 10, and 
11). These arteries arise from the aorta be- 
hind or below the renal vein of the left side 
and proceed directly downward and later- 
ally to the inguinal canal; this type conforms 
to the classical description of the anatomy 
books. As variations of type I we observed 
arteries which instead of descending direct- 
ly, ascend first more or less close to the renal 
vein, sometimes behind it, and then descend 
to their destination, thus describing an arch 
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TABLE I.—INCIDENCE AND PERCENTAGE OF THE 
DIFFERENT TYPES OF GONADAL ARTERIES ON 
EACH SIDE IN 183 CASES 


eee Ce __Type II Type IT 
No. Percent No. Percent No. Percent Total 
Right 166 89.5 16 8.7 14 7.6 196 
Left 147 76.9 24 3 38 20.7 209 
Total 313 40 52 405 
The percentages are calculated in relation tothe number of cases. 


TABLE III.—INCIDENCE OF THE DIFFERENT TYPES 
OF GONADAL ARTERIES OF RENAL ORIGIN ON 
EACH SIDE IN SINGLE AND DOUBLE ARTERIES 


ad pe T. igei_. type ti 

Left Right Left Right Left Right Total 
Single 4 12 6 1 — 1 24 
Double 1 1 1 2 -~ as 5 
Total 5 13 7 3 1 29 


situated posteriorly or inferiorly to the renal 
vein. Very frequently this arch passes over a 
lumbar vein coming into the renal vein. One 
hundred forty-two gonadal arteries of type 
I were found (77 per cent of the cases): 113 


as a single artery, 24 as the inferior artery of 


a double or triple gonadal artery, and 5 as 
the superior artery of a double artery 
(Tables II and IV). 

Type IT (Figs. 1, 10, and 11). The gonadal 
artery of this type springs from the aorta 
above the level of the renal vein of the left 
side; it proceeds downward and laterally 
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TABLE II.—INCIDENCE OF THE DIFFERENT ‘1 YPES 
OF GONADAL ARTERIES OF AORTIC ORIGIN ON 
EACH SIDE IN SINGLE AND IN MULTIPLE CASES 


pel... <i. ie ii. 
Left Right Left Right Left Right Total 
Single 113 139 6 10 29 5 302 
Multiple 
Superior > 1 11 3 9 8 37 
Inferior 24 | — -- -- ~- 37 
Total 142 153 17 13 38 13 376 


and crosses in front of the renal vein after 
passing very constantly behind the supra- 
renal vein. Sometimes as a variation of type 
II we found the artery passing between the 
branches of origin of the renal vein (Fig. 4). 
After crossing the renal vein the artery con- 
tinues its course to the inguinal canal as in 
the other type. Seventeen gonadal arteries of 
type II were found (9.2 per cent of the 
cases); 6 as a single artery and 11 as the 
superior artery of double gonadal arteries 
(Tables II and IV). 

Type III (Fig. 2). The gonadal arteries of 
this type spring from the aorta behind or be- 
low the renal vein like the gonadal arteries 
of type I; but instead of descending directly 
to the inguinal canal, they follow first a re- 
current course upward and laterally and 
make a loop around the renal vein crossing 
its posterior surface, reaching its superior 


TABLE IV.—DISTRIBUTION OF MULTIPLE GONADAL ARTERIES IN: 33 CASES 


a {| 
A R A 
Double 
Unilateral 
Right 
Sup. 1 — 
Inf. 
Left 
Sup. 4 
Inf. 16 — — 
Bilateral 
Right 
Sup. - 
Inf. 6 — ene 
Left 
Sup. 1 — 
Inf. 6 _ — 
Total 


— 


| 
| 


uw 


bo 


> 


Triple 
Unilateral 
Left 
Sup. ~ — — 
Mid. — — _— 
Inf. — 


N 


A, aortic origin; R, renal origin. 
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border just lateral to the suprarenal vein 
and then descending in front of it to the 
inguinal canal. This artery was described in 
detail by us in a separate work (12) as the 
“arched testicular artery,’’ because of its 
configuration. Sometimes this artery makes 
its lop around only one of the branches of 
origin of the renal vein (Fig. 5); and in other 
cases the loop is made through a hiatus in 
the renal vein. When the renal vein crosses 
the aorta posteriorly, the gonadal artery 
makes its arch around the suprarenal vein, 
in front of the renal vein (Fig. 11). Thirty- 
eight gonadal arteries of type III were found 
(20 per cent of the cases); 29 as a single one 
and 9 as the superior artery of double 
gonadal arteries (Tables II and IV). 

Right side. The same three types of gon- 
adal arteries in relation to the renal vein are 
found on this side; they differ in their rela- 
tions from the same arteries of the left side 
by the presence of the vena cava in their 
way. 

Type I (Figs. 1, 3, 10, and 11). This gon- 
adal artery arising from the aorta descends 
and crosses either in front of or behind the 
inferior vena cava and continues its way 
without any contact with the renal vein. 
One hundred fifty-three gonadal arteries 
of type I were found (82.9 per cent of the 
cases); 139 as a single one, 13 as inferior and 
1 as a superior artery of double gonadal 
arteries (Tables II and IV). 


ovpraren. branch 





Fic. ’. Right: gonadal artery (a. test.) type II. Left: 
gonads artery type III or “arched testicular artery.” 
Suprar nal branches on both sides. 
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i 
e- V.Cava Aorta ' Oeyget 
Ames. inf. 


Fic. 1. Schematic representation of the three types of 
gonadal arteries of aortic origin on both sides: Type I, 
descending directly. Type II, crossing in front of the 
vena renalis. Type III, arching over the vena renalis. 


Type IT (Figs. 1, 2, 7, and 10). This gon- 
adal artery with its origin from the aorta at 
a higher level than the renal vein always 
passes behind the vena cava and then in 
front of the renal vein to its destination. In 
cases of double renal veins this type of gon- 
adal artery was found crossing in front of 
both renal veins or only in front of the in- 
ferior one. Thirteen gonadal arteries of type 
II were found (6 per cent of the cases); 10 as 
a single artery and 3 as the superior artery 
in instances of double gonadal arteries 
(Tables II and IV). 

Type III (Figs. 1, 5, and 13). This gonadal 
artery arises from the aorta under or at the 





Fic. 3. 


Fic. 3. Right: double gonadal artery, superior of type 
III arching around an inferior renal vein, inferior of 
type I. Left: gonadal artery of type I. 
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Fic. 4. Left: double gonadal artery, superior (a. test.) type II descending between the branches 
of the renal vein gives suprarenal branches, inferior of type I. Right: type I. 


Fic. 5. Left: gonadal artery (a. test.) type III arching around one of the branches of the renal 
vein and pulling it downward; gives suprarenal branch. Right: double gonadal artery, superior of 
type III, gives suprarenal branch, inferior of type I. 


Fic. 6. Right: gonadal artery (ovarian a.) type I of renal origin. 


Fic. 7. Right: gonadal artery (a. test.) type II of aortic origin. Left: double gonadal artery, 
superior of type II of renal origin, inferior of type I. 


Fic. 8. Right gonadal artery (a. test.) type III of renal origin. 


level of the renal vein of the same side and 
always passes behind the vena cava. It 
ascends to the superior border of the renal 
vein and then the artery arches over the 
renal vein and descends in front of it to con- 
tinue its way as in the other cases. In some 
cases of double renal veins we found this 
type of gonadal artery making its arch over 
the inferior renal vein only (Fig. 3). Thir- 
teen gonadal arteries of type III were found 
(6 per cent of the cases), 5 as a single artery 
and 8 as a superior artery in cases of double 
gonadal arteries. We did not find on this 





side the variations of the types II and III. 
crossing between branches of origin of the 
renal vein as they were described for the lel 
side; but if we consider each of the right 
double renal veins as branches that failed to 
form a single renal vein and ended directly 
in the vena cava the relationship is the :ame 
on both sides (compare Figs. 3 and 5). 


GONADAL ARTERIES OF RENAL ORIGIN 


Gonadal arteries of renal origin wer 
found in 14 per cent of the cases, taking het! 
origin from the principal renal artery rom 
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Fic. 9. Left gonadal artery (a. test.) type II of renal 
origin, descending between the branches of the renal 
vein, gives suprarenal branch that ascends in front of the 
vein. 

Fic. 10. Bilateral double gonadal arteries (a. test.), 
superior type II, inferior type I. Suprarenal branches 
on both sides. 

Fic. 11. The left renal vein crossing the aorta posterior- 
ly. Left: triple gonadal artery (a. test.), superior type IT, 
middle type III, inferior type I. The type III makes its 
arch around the suprarenal vein, in front of the renal 














‘vein. Right: gonadal artery type I. 


its branches or from an accessory renal 
artery as well. ‘Taking into account their 
course in relation to the renal vein, we can 
classify them in the same three principal 
types as the gonadal arteries of aortic origin 
(Figs. 6, 7, 8, and 9). Their description on 
each side is also similar to the gonadal ar- 
teries of aortic origin, with the difference 
that on the right side the gonadal arteries of 
renal origin can have no contact with the 


on the left side. 





A. Test. (2.1) 


Fic. 11. 


Right side— Type I. There were 13 gonadal 
arteries found of this type (6 per cent of the 
cases); 12 single and 1 a superior artery of 
double gonadal arteries. 

Type II. There were 3 gonadal arteries of 
this type (1.6 per cent of the cases); 1 single 
and 2 superior arteries of double gonadal 
arteries. 

Type III. One case of type III was noted 
(0.5 per cent of the cases). 


1 Tl vena cava when their point of origin is Multiple gonadal arteries. In 31 cases (16.9 
of theB lateral to this vein. Their frequencies _ per cent), we found double gonadal arteries 
1¢ Heli (Table III) are as follows: among which 6 cases (3.2 per cent) were 
right Lejt side— Type I. Five gonadal arteries of __ bilateral (Fig. 10); 25 cases (13.6 per cent) 
ed t0F this type were noted (2.7 per cent of the were unilateral, 17 on the left side and 8 on 
rectly cases); 4 as a single and 1 as a superior the right (Figs. 3, 4, 7, and 12). Their dis- 
‘am artery of double arteries. tribution in the different types, sides, and 
: Type II, Seven gonadal arteries of this _ origins is shown in Table IV. As can be seen 

type ‘vere noted (3.8 per cent of the cases); _—_ in nearly all the cases of double gonadal 

6 as single and 1 as a superior gonadal of arteries the inferior artery is of type I of 
ver"® doubie arteries. aortic origin, while the superior gonadal 
| ri T)e III. There were no cases of this type _ arteries belonged to any of the three types of 
ro 


aortic or renal origin. 





Fic. 12. Aortography in living shows a left arched 
gonadal artery (testicular); it is not possible to establish 
its relations to the renal vein because the latter does not 
appear on the picture. Right: double gonadal artery. 


In some cases one of these arteries is per- 
meable only in the proximal part of its 
course, being represented distally only by 
fibrotic remnants that follow the course of 
the gonadal arteries. In 2 cases we found 3 
gonadal arteries on the left side (Fig. 11), 
each of them being of a different type. 


DISCUSSION AND CONCLUSIONS 


As we have seen, gonadal arteries of any 
origin or side may be classified into three 
principal groups according to their course in 
relation to the renal vein. Adding together 
the number of gonadal arteries of types II 
and III of simple and double cases, we ob- 
serve that on the left side in as many as 33.8 
per cent of cases the renal vein is crossed by 
a gonadal artery; on the right side it hap- 
pens in 16.3 per cent of cases. In other 
words, in 1 of each 2 persons a gonadal 
artery is closely related to the renal pedicle. 
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Embryologic considerations. These vari: tion; 
can be easily understood on the basis of the 
embryologic development of the gonadal 
glands and kidneys and their vascular sup. 
ply. We represent them diagrammatically in 


Figure 12. The gonadal gland develops from§ 


the urogenital fold cranially to the kidney 
(Fig. 12a), the latter developing in a caudal 
or pelvic position. They each get their de. 
finitive positions in an opposite movement, 
the sex gland descending and the kidney 
ascending. As they cross, the gonadal gland 
passes in front of the kidney and its vascular 
elements (Fig. 12b). The primitive vascular 
supply to the gonadal glands originates from 
the aorta through the mesonephric arteries. 
These arteries belong to the lateral branches 
coming from the thoracic and lumbar seg- 
ments of the acrta. They take part in the 
formation of the periaortic plexus described 
by Bremer. From these mesonephric ar- 
teries, beside the branches to the gonadal 
gland, the arteries to the suprarenal gland, 
diaphragm, and kidney develop. When the 
sex gland arises it is supplied by several 
branches of the mesonephric arteries, situ- 
ated cranially to the renal vascular pedicle 
(Fig. 12a). With the descent of the gland, 
new lower branches develop and at the same 
time the higher ones atrophy. When cross 
ing the kidney, two kinds of arteries can 
reach the sex gland: the higher one situated 
cranially to the developing renal pedicle 
and the lower situated caudally to it (Fig. 
12b). From these branches generally one 
develops as a definitive gonadal artery and 
the others atrophy. If the artery persisting 
as definitive is one situated caudally to the 
renal pedicle we will get a type I gonadal 
artery (Fig. 12c). If the artery persisting 
was situated cranially to the renal peclicle 
then it will appear crossing in front o: the 
pedicle with the descent of the gland, thu: 
giving us a gonadal artery of type II Fig. 
12d). If in such a case the kidney ascends 
still higher, carrying its renal vein to a | igh- 
er level than the origin of the gonada: ar- 
tery, the latter will be forced to follow an 
arched course around that vein givin? u 
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type [II (Fig. 12e). This type of artery ap- 
pears then to be only a developmental varia- 
tion of type II. The fact that on the left 
side the kidney ascends, generally higher 
than on the right, gives us a clear explana- 


ition of the higher frequency of type III on 


the left side. The persistence of more than 
one branch explains the presence of multiple 
gonadal arteries (Fig. 12f). As many as 5 
gonadal arteries on one side have been 
described. Partially permeable arteries ap- 
pear in cases of incomplete atrophy. 

Because of the anastomosis between the 
mesonephric arteries, other variations in the 
origin and course of the gonadal arteries are 
likely to develop beside those described. So 
testicular and ovarian arteries arise not only 
from the aorta or renal arteries but also from 
the suprarenal arteries, phrenic arteries, and 
even from the lumbar arteries as described 
by Dawson and Reis, Sauramo, Crelin, 
Anson and Cauldwell, and others. In our 
series we did not find all these variations; 
they generally can also be fitted into one of 
the 3 main types described in relation to the 
renal vein. 

Very often suprarenal branches arising 
from the gonadal artery were found. These 
came more frequently from arteries of types 
Il and III. (Figs. 2, 4, 9, and 10). 

Pathologic clinical considerations. We con- 
sidered earlier (11) the role of the type III 
artery as a pathologic factor in compressing 
the renal vein. This compression is clearly 
manifested through the dissections, by de- 
formations, angulations, and narrowings of 
the renal vein very frequently found, in the 
places where it is crossed by the gonadal 
artery, accompanied sometimes with a vari- 
able degree of dilation of the testicular or 
ovarian veins. We considered this compres- 
sion as a possible etiologic factor of idio- 
pathic varicocele in man and/or orthostatic 
albuminuria. 

Applying the same general considerations 
(0 the ovarian artery in its type III we can 
consiler it as one of the possible etiologic 
agents of the “‘pelvic varicocele.’’ This 
path logic condition also known as ‘“‘ovar- 
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Fic. 13. Obtained by injection of contrast substances 
in cadaver. On the right: gonadal artery (a. testicular) 
of type III (confirmed by dissection). 


ian varicocele” or “‘varicocele of the broad 
ligament” is characterized by enlargement 
of the pampiniform plexus, predominantly 
on the left side. Its etiology, not known, was 
attributed to a chronic congestion of the 
pelvic viscera. 

We also believe that the compression of 
the renal vein by a testicular or ovarian 
artery can have some influence on the direc- 
tion of blood flow from the kidney and gon- 
adal glands. The left renal vein is very fre- 
quently connected with the vertebral plexus 
of veins, and with the hemiazygos vein, 
through a lumbar vein described by Lejars 
under the term “‘canal de surete renoazygos- 
lumbar.” He found it present in 88 per 


cent on the left side, and very rarely on the 
right; Faragasanu found it in 65 of 71 cases 
on the left side and 2 on the right side; in 
our series we found it in 85 per cent on the 
left side and 2.7 per cent on the right side; 
Anson and Cauldwell described also in de- 
tail this venous connection. ‘Through this 
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Fic. 14. Schematic representation of the development 
of the various types. For the sake of clarity we represent 
only two or three of the gonadal arteries (Mesonephric A.) 
arising directly from the aorta, and not all of the plexuses 
of mesonephric arteries. Likewise, the renal vein is 
represented already in its definitive pattern and not 
through all the phases of its development. Dotted lines 
show atrophic gonadal arteries. a, Gonadal gland (Gon.) 
before crossing the metanephros (Ren); its arteries are 
cranially situated to the renal pedicle. b, Gonadal gland 
crossing the metanephros; higher gonadal arteries 
atrophy and new lower gonadal arteries develop; these 
arteries are cranially and caudally situated to the renal 
pedicle (G.A. cr. and G.A. caud.). c, Atrophy of the 
cranially situated arteries and persistence of a caudal 
one: results in type I. d, Persistence of a cranially situ- 
ated artery and lack of development or atrophy of the 
caudal artery: results in type II. e, Same as in d, but as 
a result of the ascending of the kidney to a higher level 
the gonadal artery arches around the renal vein and 
gives the type III. f, Persistence of arteries cranially and 
caudally located: results in double gonadal artery. 


and the vertebral plexus of veins, it would be 
possible for a tumor metastasis or infection 
from the kidney or gonadal gland to reach 
the brain, meninges, vertebrae, or costae. 
The different venous pattern between the 
left and right sides, as well as the possibil- 
ity of the presence of arteries which com- 
press the renal vein can explain existing 
differences between both sides in the spread 
of metastasis. 

It was also demonstrated by Cotrim and 
De Barros Barboza that in varicocele, in the 
erect position, the blood flow in the testicular 
vein is inverted by the effect of the com- 
pression factor on the renal vein; the blood 
runs from the renal veins to the iliac veins 





(through anastomosis with the deferex tial, 
funicular, and external pudendal veins). 

The role of some variations of the testic- 
ular artery as an additional mechanical 
factor in the etiology of cryptorchidea may 
be contemplated, associated or not with 
other endocrine conditions. 

The probability of injury to a gonadal 
artery, which is closely associated with the 
renal pedicle, by surgical intervention such 
as nephrectomy or adrenalectomy has been 
noted as well as the possible consequences. 

Because of the great importance of circu- 
lation in diseases of the kidney, we can only 
ask if a testicular or ovarian artery may not 
play some role in certain cases, through per- 
sistent compression of the renal vein. 

The gonadal arteries are rarely shown in 
the normal aortography. They appear in 
higher percentage with aortic compression 
methods. For technical reasons it is not pos- 
sible at present to establish the course and 
relations of the gonadal artery and renal 
vein in the living for practical diagnostic 
purposes. We believe it would be worth- 
while to investigate these relations during 
autopsies in cases of the pathologic condi- 
tions mentioned. 


SUMMARY 


1. Variations in the course of the testicular 
and ovarian arteries (gonadal arteries) in 
relation to the renal vein from the dissec- 
tion of 183 bodies (405 arteries) are de- 
scribed. These variations could be grouped 
in three principal types: type I, the gonadal 
artery descending directly without contact 
with the renal vein; type II, the gonadal 
artery coming from a higher level than the 
renal vein and crossing in front of it; type 
III, the gonadal artery coming from a lower 
level than the renal vein and arching around 
it. 

2. An embryologic explanation of the de- 
velopment of these different types is given: 
the gonadal arteries are persistent branches 
of mesonephric arteries that develop cra 
nially and caudally to the renal pedicle; 'f the 
latter persist they produce the type I; i’ the 
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former, they become the type II by crossing 
the renal pedicle with the descent of the 
gonadal gland. From the type II develops 
type III by further ascent of the kidney and 
its renal vein. 


3. The possible role of the gonadal artery 


as a factor of compression of the renal vein 
and hence in the etiology of various patho- 
logic conditions is considered. 
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RICHTER’S HERNIA 


W. MILO KEYNES, M.A., M.D. (Camb.), F.R.C.S., Cambridge, England 


ALTHOUGH THE SPACE given to the rarer 
forms of hernia in standard surgical text- 
books is seldom extensive, the two separate 
pathologic entities in Richter’s and Littre’s 
hernia are usually clearly differentiated, 
even though the varied methods of presen- 
tation of the former may be mainly omitted. 
A review of the original accounts of Richter 
and Littre, together with other earlier works, 
indicates a confused state of affairs which 
was only clarified as a result of the work of 
Sir Frederick Treves. 

Recent literature has neglected Richter’s 
hernia, so that, except in textbooks, the 
most modern paper discovered on this sub- 
ject is now 25 years old. The present account 
is a review largely based upon the paper by 
Treves in 1887. One variety of Richter’s 
hernia, that occurring in an incisional her- 
nia, has in the past received scant attention. 
It was a personal experience of 3 examples 
of this variety encountered in less than 2 
years, together with what would appear to 
be a unique internal Richter’s hernia in the 
supravesical fossa (2), that has led to this 


paper. 
CASE REPORTS 


Case 1. On the evening of December 31, 1953 a 
pastry cook, aged 65 years, was admitted to St. Bar- 
tholomew’s Hospital under the care of C. Naunton 
Morgan. In 1913, the late McAdam Eccles had re- 
moved the appendix through an oblique incision in 
the right iliac fossa. The operation had been followed 
by drainage for several days. 

In 1942, while lifting a large piece of dough, he felt 
something “‘go” in the region of the scar, which was 
followed by the appearance of a lump within the next 
few days. This lump remained a constant size over the 
succeeding years. It did not disappear on lying down, 
and gave little trouble; on occasion, however, when 
coughing, it required local support. At some time he 
had been fitted with an abdominal belt, but he rarely 
bothered to use it. In 1948 he was seen in the out- 
patient department and treated for dyspepsia. At that 
time a ventral hernia was noted just above, and me- 
dial to, the appendix scar. 


On New Year’s Eve 1953, 3 hours after a meal, he 
had a violent attack of epigastric pain which was 
colicky and radiated through to the back. It lasted 
about an hour and was relieved by vomiting several 
times. The bowels had opened satisfactorily that 
morning. On examination he was not distressed and 
had a pulse rate of 72. There was slight generalized 
abdominal tenderness with normal bowel sounds, and 
the lump in the right iliac fossa was its usual size, 
about 21% inches in diameter, tense, not tender, and 
resonant on percussion. It apparently contained irre- 
ducible intestine. 

During the night and the next morning he re- 
mained free of pain, but in the afternoon of New 
Year’s Day the colicky pains returned, though not of 
such great intensity. His condition remained the same 
as when first seen, but now the lump was slightly 
tender, and the skin over it reddened. Operation was § 
decided upon and a Richter’s hernia was considered 
as a possibility. 

At operation performed by G. W. Taylor, an 
oblique incision was made over the swelling, parallel 
to, and above, the old scar. The hernial sac was de- 
fined and found to be discolored and edematous. It 
was opened at its neck through the old scar with the 
escape of straw colored fluid and was found to contain 
some discolored, swollen, adherent omentum which 
was enveloping a congested knuckle of two-thirds of 
the circumference of the terminal ileum. This knuckle 
was not placed symmetrically to the antimesenteric 
border, but included a small part of the mesentery 
near the ileal wall. A constricting furrow was easily 
seen around its edge. The intestine was viable and 
was returned to the abdomen. The discolored omen- 
tum was then excised, and the peritoneum closed 
after removal of the sac. After defining the layers of 
the abdominal wall, an anatomic repair of the de- 
ficiency was carried out. 

The patient made an uneventful recovery and left 
the hospital on January 11, 1954. 

Case 2. On June 6, 1955, a man, aged 55 years, 
was admitted to Addenbrooke’s Hospital under the 
care of B. M. Truscott. In 1913 he had had an ap- 
pendicectomy followed by an incisional hernia. In 
May 1955 he developed acute retention of urine, and 
a transvesical prostatectomy was performed. At that 
time the hernia was reducible. Four days after leaving 
the hospital following operation, he suddenly begaa 
to vomit copiously and the abdomen became dis- 
tended. There was no pain. After 4 days he was re- 
admitted witi absolute constipation since the onset of 
vomiting which persisted. There was still no pain. 
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On examination he was an obese man with a dis- 
tended abdomen but there was no evidence of perito- 
nitis. There was a slightly tender, firm lump at the 
lower end of the old appendicectomy scar in the right 
iliac fossa. The overlying skin was not reddened. A 
diagnosis was made of acute intestinal obstruction in 
an incisional hernia. 

At operation (W. M. K.), an incision was made 
over the hernial sac. The sac was mobilized and then 
opened at its neck to reveal a viable Richter’s hernia 
of the distal ileum with gangrenous omentum. The 
omentum was excised but before repair of the defi- 
ciency in the abdominal wall a Meckel’s diverticulum 
was seen in the ileum proximal to the obstruction and 
removed. The postoperative course was uneventful, 
and he left the hospital on the tenth day. 

Case 3. On December 27, 1954 a woman, aged 68 
years, was admitted to Addenbrooke’s Hospital under 
the care of B. M. Truscott. Eighteen years previously 
she had had a hysterectomy performed for fibroids. 
After dinner, on Christmas Day, she was sitting in a 
chair when she suddenly felt “‘blown up” and vomited 
several times. Eight hours later she developed a cen- 
tral abdominal ache which persisted with the vomit- 
ing. Her bowels had not opened since Christmas Eve. 

On examination she was obese but there was no 
abdominal distention. There was a wide divarication 
of the recti muscles with a tender firm swelling in the 
center of the left paramedian scar. The skin over the 
swelling was reddened. There were no signs of perito- 
nitis and the bowel sounds were normal. In view of 
the mild symptoms and signs, with the reddening of 
the overlying skin and the previous experience with 
the first patient, a diagnosis was made of Richter’s 
hernia in an incisional hernia. 

At operation (W. M. K.), an incision was made to 
the right of the old scar and the widened linea alba 
was exposed and divided. The hernial sac was now 
mobilized from the subcutaneous fat and the ring 
divided from the right. This procedure released the 
contents of the sac which were gangrenous, adherent 
omentum with a viable Richter’s hernia of the ileum. 
Following mobilization of the omentum and its ex- 
cision, a difficult repair was undertaken. The post- 
operative course was uneventful, and she left the 
hospital on the seventh day. 


HISTORY 


In 1700, Alexis Littre, a French surgeon 
who lived from 1658 to 1726, published an 
account of ‘‘a new form” of hernia, and 
gave details of 3 cases. Two of these were, 
from his descriptions, unrecognized exam- 
ples of a Meckel’s diverticulum lying in a 
hernia sac, but the third was too decomposed 
at examination to give results of any value. 
Littre thought that the diverticula had been 
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acquired following the formation of the her- 
nias. Later, in 1714, he described a “‘rare”’ 
hernia in which part of the wall of the colon 
had been strangulated, the lumen still re- 
maining patent. 

Sixty years after Littre’s death, in 1785, 
a Gottingen surgeon, August Gottlieb Rich- 
ter (1742-1812), gave a description of “small 
ruptures,” by which he meant hernias in 
which only part of the bowel wall was 
strangulated. These hernias he had found 
mainly in the abdominal wall between the 
xiphisternum and the umbilicus (that is, as 
types of ventral hernias), though he also 
described instances in inguinal and femoral 
hernial sacs. He appreciated the true nature 
of the condition described by Littre in 1700 
as being due to herniation of a preformed 
diverticulum of the bowel. 

Although Littre, in 1700, gave a descrip- 
tion of Meckel’s ileal diverticulum, as did 
Jean Méry (1645-1722, a Parisian anato- 
mist) in 1701, it was not until over a hun- 
dred years later that Johann Friedrich Mec- 
kel, the younger, (1781-1833), described his 
diverticulum and postulated its congenital 
origin. This was a year after he had been 
appointed Professor of Anatomy and Sur- 
gery at Halle in 1808. Since this time, a 
large number of examples of herniation of 
the diverticulum, both strangulated and 
nonstrangulated, have been recorded, and 
Watson, in 1946, collected 211 cases from 
the literature. The name of “‘Littre’s hernia” 
is given to this variety. Often the name 
‘‘Littre” is given a terminal accent, but this 
does not appear in either of the papers of 
1700 or 1714, in which it is given both as 
Littre and Litre. Reference books also claim 
that the same man described the glands of 
the spongy urethra, so often called “‘Littré’s 
glands.” 

Little has been added to the important 
paper on Richter’s hernia by Sir Frederick 
Treves (1853-1923) in 1887. He collected 
the records of 50 cases of Richter’s hernia, 
or partial enterocele, and defined the con- 
dition as strangulation of only a part of the 
circumference of the bowel wall in a hernial 





498 Surgery, Gynecology e Obstetrics - October 1956 


orifice, and different from strangulation of 
a preformed diverticulum in a hernia. ‘“The 
involved segment may rapidly pass into gan- 
grene, and yet the lumen remain free.” 
Littre’s case of 1714 should be included in 
this variety of hernia. 


NOMENCLATURE 


The nomenclature of Richter’s hernia has 
given rise to difficulty. Treves wrote that 
“the term ‘partial enterocele’ is not quite 
clear and exempts the colon from participa- 
tion in this variety.” He preferred the title 
‘*Richter’s hernia,” “‘partly because a defin- 
itive title is not forthcoming, partly to... 
separate this hernia from that known as 
Littre’s, and partly because with Richter 
must rest the main credit of establishing the 
individuality of this lesion.” 

Despite this fact, however, 2 American 
surgeons, Fowler in 1899 and Rhodes in 
1929, in papers on the subject, have since 
used the term “Littre’s hernia” synony- 
mously with “Richter’s hernia.” They ar- 
gued that Littre described both types of 
hernias, whereas Richter was mainly con- 
cerned with epigastric and upper abdominal 
hernias. Littre’s hernia to them included 
any weakness of the abdominal wall through 
which a part of the intestinal wall protruded. 
The protrusion could be either congenital 
or acquired. Most modern authors, however, 
agree with Treves, and separate herniation of 
the congenital Meckel’s diverticulum, or 
Littre’s hernia, from Richter’s hernia. 


PATHOLOGY 


Richter’s hernia may occur at any of the 
hernial sites; it may occur in the supernu- 
merary sac of an interstitial hernia or it may 
occur in an incisional hernia. It would seem 
that it is most likely to occur with a rela- 
tively small hernial ring with firm margins. 
The commoner sites are in the femoral and 
inguinal regions, especially the former. Most 
commonly the lower ileum is involved, but 
any part of the jejunum, ileum, or colon 
may be affected. Sometimes the omentum 
is involved as well, but this is not common. 


The constricted portion of the intestine 
becomes distended and swollen, and may 
retain its deformity some time after the con- 
striction is relieved, giving the appearance 
of a diverticulum. These changes in the 
constricted intestine are always secondary to 
the onset of strangulation, that is to the 
obstruction of its blood vessels. 

In Richter’s hernia it is the free border of 
the intestine opposite the mesentery which 
becomes nipped; the amount of the wall 
involved is never the complete circumfer- 
ence, and the mesentery as a rule does not 
enter the hernial sac. The size of the tumor 
thus formed varies, but is always small unless 
complicated. Adhesions are uncommon, and 
the intestine is usually easy to reduce. While 
possibly reduction may be spontaneous in 
many, the condition is present in about 5 
per cent of all strangulated hernias at oper- 
ation, as indicated by Watson. 

In 1809 Antonio Scarpa (1747-1832), 
Professor of Anatomy at Pavia in Italy since 
1783, made an experiment. He made artifi- 
cial “‘strangulations” of varying amounts of 
the circumference of the ileal wall in the 
hernial sacs of dead patients. He then in- 
jected water into the proximal loop and ob- 
served that when the intestine was con- 
stricted by two-thirds of its circumference, 
or more, the water would not pass through. 
A one-third constriction usually gave only a 
partial obstruction to the lumen, but some- 
times even with this amount of constriction, 
there was complete obstruction. Scarpa de- 
cided that the obstruction was due in part 
to the kinking of the intestine, the degree of 
which varied for a given constriction. His 
findings have since then been accepted as 
explaining the varying degrees of intestinal 
obstruction found clinically in Richter’s her- 
nia. It is usually assumed that a constriction 
of one-third, or less, of the lumen of the in- 
testine gives a partial, while one of two- 
thirds, or more, gives a complete obstruction. 


SYMPTOMS, SIGNS, AND DIAGNOSIS 


The symptoms of Richter’s hernia are 
similar to those of strangulation of the entire 
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wall of the intestine. It is clear, however, 
from Scarpa’s work, that the degree of intes- 
tinal obstruction may be more, or less, than 
the other factors would suggest. This means 
that diagnosis may be difficult, particularly 
since perforation may take place without 
serious symptoms first developing. The first 
mild symptoms may not be appreciated and 
are typically vague, with an indefinite time 
of onset. Local signs may develop only with 
local gangrene of the intestinal wall and this 
is especially so when only a small amount of 
the circumference is nipped. The initial 
partial obstruction may become complete 
through further protrusion, increased kink- 
ing, or local edema, owing to delay in diag- 
nosis and treatment. 

Mild degrees of Richter’s hernia present 
with localized pain or discomfort associated 
with an epigastric sensation of pulling or 
tugging. With these symptoms there is con- 
stipation to a greater or lesser degree, but it 
is not absolute. More severe degrees have 
the same symptoms but more pronounced. 
Also, there may be nausea and vomiting, 
but they are not common if the obstruction 
is not complete. If it is complete then abso- 
lute constipation will be present with disten- 
tion, increased bowel sounds, and colic. 
Fowler found that a third of the patients had 
symptoms typical of an ordinary strangu- 
lated hernia, but that in the remainder the 
symptoms were less severe with only slight 
bowel irregularity. In an appreciable num- 
ber, there was no bowel upset. 

Local signs may be absent and, if present, 
are frequently misinterpreted. When a swell- 
ing is present at one of the hernial sites, or as 
in the 3 examples already noted with inci- 
sional hernias, the correct diagnosis will be 
made more readily. In the inguinal and 
femoral regions, however, such a swelling 
has often been mistaken for an inflamed and 
tender lymphatic node, especially when the 
typical symptoms of strangulation are lack- 
ing and there is a slight fever. Treves found 
that a swelling was noted in half his patients. 
Local pain and tenderness may be minimal 
till late in the disease. From the experience 
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of 2 of the examples recorded earlier, redness 
of the overlying skin may be a helpful sign. 
The condition may simulate acute appendi- 
citis, as in the internal supravesical Richter’s 
hernia already mentioned. 

The diagnosis of Richter’s hernia is possi- 
ble, as already shown in 2 of the 3 histories 
presented. Here, however, help was at hand 
by obvious swellings in old scars. In Case 1 it 
is shown how mild and prolonged the initial 
symptoms and signs may be so that operation 
was not advocated until the local signs be- 
came more pronounced. in Case 2 the symp- 
toms and signs of acute intestinal obstruc- 
tion were observed, but with minimal local 
signs beyond a swelling. Early operation was 
an obvious course. In Case 3, early operation 
was dependent on the local findings. In these 
3 examples, diagnosis, or the need of early 
surgery, was easier than is usual with this 
condition. 

Diagnosis of Richter’s hernia will often be 
difficult and in many cases it will be neces- 
sary to bear this condition in mind in much 
the same way as gallstone ileus must be con- 
sidered in obese patients with unexplained 
subacute symptoms and signs of intestinal 
obstruction. The aim must be to avoid the 
**Micawber attitude” and not to wait until 
perforation has occurred. The main points 
about the symptoms and signs have been 
already mentioned. Sofar the use of roentgen- 
ography in the diagnosis has been dis- 
appointing. 


TREATMENT 


The treatment of a strangulated “partial 
enterocele”’ is the same as that of other forms 
of strangulated hernia. Early operation is 
necessary without preliminary attempts at 
reduction. Resection of the intestine may be 
necessary, but small areas of gangrene may 
be buried by invaginating sutures. Statistics 
for the mortality rate of Richter’s hernia 
under modern therapy are not available, 
but it is probably higher than in ordinary 
strangulated hernia because of delay in op- 
eration with aconsequently greater incidence 
of gangrene. The mortality rate will be a 
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difficult figure to obtain as in many hospital 
notes Richter’s hernia is recorded as stran- 
gulated hernia. In one note examined, for 
instance, the fact that the strangulated her- 
nia had been of a Richter’s type was not 
mentioned. Another source of error may be 
faulty examination of the intestine. In 2 
pathology museums I have seen specimens 
labelled as “Richter’s hernia” though the 
constricting ring surrounded the complete 
circumference of the intestinal wall. 

This review, apparently the first for 25 
years, reaffirms the worth of the paper by 
Sir Frederick Treves nearly 70 years ago, 
from which every paper on the subject of 
Richter’s hernia published since has obtained 
much of its information. On this occasion, 
opportunity is taken to emphasize the vari- 
ety in association with incisional hernias. 


SUMMARY 


A review is made of Richter’s hernia with 
a historical note, and 3 case histories of 


Richter’s hernia occurring in an incisional 
hernia are presented. The difficulties in the 
diagnosis of Richter’s hernia are described, 
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THE INTERNAL ANAL SPHINCTER AND 


THE ANORECTAL ABSCESS 


STEPHEN EISENHAMMER, M.B.(Ed.), F.R.C.S.(Eng.), Johannesburg, South Africa 


IN THE AUTHOR’S ARTICLE (3) published in 
1953, one of the indications for the opera- 
tion of internal anal sphincterotomy was 
given as an anorectal abscess. This abscess 
was described as high lying and situated 
deep to the internal anal sphincter. Such an 
abscess had not been previously described. 
Subsequently, this abscess proved to be a not 
uncommon type and always presented a 
specific anatomic pattern. The implications, 
thus, take on a far wider importance than 
the original short description. Later, it was 
observed that the common type of low ano- 
rectal abscess showed the same: pathologic 
anatomy. 

It is proposed to describe this high abscess 
in detail and then deal more generally with 
this new concept. 


THE HIGH INTERMUSCULAR ANORECTAL 
ABSCESS 


This abscess occurs, usually, in the 35 to 
55 year age group and more commonly in 
the male. Its onset is usually relatively mild 
with a dull ache, heaviness, and fullness in 
the rectum. As the abscess progresses, the 
symptoms become more acute, with a con- 
tinuous deep throbbing pain. It is difficult to 
sit, and defecation becomes painful. Pyrexia 
and constitutional symptoms are present. 
This late stage may vary between 5 and 10 
days and even longer. When the infection is 
virulent, the symptoms and signs develop 
with far greater rapidity. 

The diagnosis is made by gentle digital 
examination per rectum and is best shown 
in the earlier stages when an ovoid fluctuant 
Mass is present in the posterior circumfer- 
ence of the canal and situated in the rectum 
above the levator shelf. The surface tissue is 
edematous and indurated. Pressure aggra- 


vates the pain. Here, the abscess has ex- 
panded into the lax tissue of the rectum, ex- 
ternal to the circular muscle, and the symp- 
toms are relatively mild. As the main body 
of the abscess develops deep to the resisting 
powerful internal sphincter of the anal can- 
al, it pushes the external sphincter mass out- 
ward and gives the impression of a large 
postanal abscess on bidigital per rectum pal- 
pation. The original, apparently localized, 
high ovoid abscess sign is somewhat ob- 
scured and is replaced by a generalized 
brawny induration over the whole area. It 
finally presents subcutaneously in the pos- 
terior quadrant of the anal verge. 

The high abscess may rupture sponta- 
neously through the circular muscle and mu- 
cous membrane of the rectum above the up- 
per limit of the internal sphincter. The next 
point of exit may be at the cryptal area of 
the dentate line. Its last point of exit is 
through the subcutaneous tissue distal to the 
lower border of the internal sphincter. 

The operative cure is a relatively simple 
anatomic exercise. When the main abscess is 
still high, it is approached through the rectal 
lumen via the lower border of the internal 
sphincter. Access is obtained by a suitable 
single or bivalved anal speculum; a small 
longitudinal incision is made over the lower 
border of the muscle, extending outward 
over the subcutaneous portion of the exter- 
nal sphincter, the incision being in the cen- 
tral axis of the main abscess body. A blunt 
director is next passed up deep to the inter- 
nal sphincter and so into the main abscess 
cavity when pus freely escapes. This last 
maneuver is aided by exerting outward pres- 
sure intrarectally over the abscess with the 
index finger. The opening is then sufficiently 
enlarged to allow digital exploration and 
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confirmation of the anatomy. The gross in- 
flammatory thickening of the internal 
sphincter and of the mucous and submucous 
layers may give one the false impression 
that the whole sphincter mass is covering 
the abscess. Before proceeding to the full ex- 
posure of the abscess, it is important to as- 
certain that the completed incision will pass 
through the center of the main abscess cav- 
ity and thus obtain optimum drainage with 
no undue undermining. The mucous mem- 
brane is then bluntly freed in the intended 
line of muscle division and incised with dia- 
thermy. The internal sphincter is divided 
from below upward with a scalpel or scis- 
sors, under direct vision, and over a blunt 
guide. The division is continued to the up- 
permost limits of the abscess cavity and thus 
extends to the circular muscle of the rectum. 
This procedure of high total internal anal 
sphincterotomy has been fully described and 
discussed in three previous papers (2—4) and 
is essentially the same in principle here. A 
modified and revised set of diagrams (Fig. 1) 
depicts the standard type of operation. 

In cases in which the abscess is advanced 
and is easily palpated bidigitally and is pre- 
senting externally the approach should 
again be via the lower border of the internal 
sphincter. Because of gross inflammation, 
the finer anatomic features are obscured. 
The incision should again aim at being over 
the center of the main abscess. Generally, 
the abscess is entered into in the preliminary 
incision. After the opening is sufficiently en- 
larged, the introduction of the index finger 
will again reveal that the abscess lies extern- 
al to the internal sphincter, nature having 
completed the full muscular separation. The 
entrance incision here will divide the lower 
part of the subcutaneous portion of the ex- 
ternal sphincter which has been stretched 
across the face of the presenting abscess. It is 
important, in the advanced large abscess, 
that before commencing the division of the 
internal sphincter one is double sure that 
this incision will pass through the central 
plane of the abscess to ensure no under- 
mining. 


This procedure, in both cases, fully ex- 
poses the abscess. It allows adequate drain- 
age which is both internal and external. On 
account of sphincteric relaxation following 
total linear division of the internal compo- 
nent and also atonicity of the external sphinc- 
ter muscle of toxic and manipulative origin, 
free external seepage from the external por- 
tion of the incision ensues. 

Bleeding points of any degree are rarely 
encountered and may be controlled by dia- 
thermy or ligature. The wound is heavily 
tanned with gauze packs soaked in 45 per 
cent aqueous tannic acid. A triangular 
gauze, large enough to exert moderate 
pressure and control any ooze, impregnated 
with a powder consisting of a mixture of 
99.25 parts of sulfadiazine powder and 0.75 
part of 5-amino-acridine hydrochloric acid 
powder, is carefully laid into the wound 
from end to end. An ounce of soft white 
vaseline is finally injected into the rectum. 
One million and a quarter units of a long 
acting penicillin is given postoperatively 
and repeated on the third day. Hot baths 
are started on the third day and the bowels 
are moved on the fourth day. The patient is 
allowed full freedom after a week of rest. 
The after-care of the wound consists of bath- 
ing twice daily and self digital insertion of a 
3 per cent aureomycin ointment 3 times a 
day. Weekly or fortnightly outpatient follow- 
up is carried out until healing is completed. 


THE LOW INTERMUSCULAR ANORECTAL 
ABSCESS 


The most common abscess developing in 
the anus is the one referred to by Gabriel in 
the English terminology as the perianal ab- 
scess and by Hayden in the American as the 
subcryptic abscess and in further descriptive 
terms as subcutaneous, subtegumentary, 
and marginal. This abscess is generally ac- 
cepted as being of cryptal origin and is de- 
scribed as extending downward and out- 
ward from the cryptal area at the dentate 
line, deep to the subcutaneous portion of 
the external sphincter. The corresponding 
fistula is similarly described. 
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Fic. 1. A, Transverse section of anal canal. Modification of the Milligan and Morgan scheme. 
7, Submucous layer; 2, mucous membrane; 3, anorectal line; 4, dentate line; 5, internal sphincter; 
6, anal intermuscular septum; 7, external sphincter; 8, puborectalis; 9, longitudinal muscle of rec- 
tum; 70, circular muscle of rectum. i-iv, Standard procedure of internal anal sphincterotomy oper- 
ation. i, Anal canal exposure with speculum showing incision from dentate line to anal verge. ii, Sub- 
mucosa exposed after division of mucosa and skin. iii, Completed division of submucosa exposing 
pearly white internal sphincter in whole length of wound except at lower angle where fleshy pink 
subcutaneous portion of external sphincter is shown, being separated from the internal sphincter by the 
termination of the conjoint longitudinal layer. iv, Internal sphincter divided in whole length of ex- 
posure except for few fibers superiorly; floor of wound now formed by fascia-like fibromuscular 
longitudinal layer. The external sphincter occupies lower angle. v, Completed submucosal division 
of whole internal sphincter extending into circular muscle of rectum. 


This abscess is the lower counterpart of 
the previously described high type and ex- 
tends from the dentate line deep to the lower 
portion of the internal sphincter and pre- 
sents at the anal verge distal to the lower 
border of the internal sphincter. The cor- 
responding fistula demonstrates the same 
features. 


On a few occasions a small abscess of this 
low type has recurred after simple drainage 
and has eventually presented as a typical 
high intermuscular abscess. 


ETIOLOGY AND PATHOLOGY 


The anal canal consists of a treble collared 
muscular tube. On the inside it is lined by 
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Fic. 2. The intermuscular anorectal abscess. i, Composite view of cephalad and caudad anal gland 
terminating in the intermuscular space. ii, Early high classical intermuscular abscess. iii, Second 
stage of high abscess. iv, Third stage of high abscess. Pointing subcutaneously. v, Low intermuscular 


abscess. 


the internal sphincter. The central portion is 
occupied by the conjoint longitudinal mus- 
cle which has the appearance of a fibroelas- 
tic fascial sheath. The outermost layer con- 
sists of the external sphincter. The internal 
sphincter acts as an impermeable barrier to 
infection arising within the lining tissue of 
the anal canal. This is ably borne out by the 
following clinical facts. Injection sclerosing 
therapy for hemorrhoids has been used very 
extensively in the author’s practice over a 
period of 14 years. To obtain the maximum 
benefits, very large injections have been 
used. The injections are of the submucous 
variety. During this period many cases have 
resulted in infective inflammatory reactions, 
varying from small areas of necrosis, to 
superficial abscess formation and even areas 
of frank sloughing. Yet never has the infec- 
tion penetrated the internal sphincter and 
led to deep abscess formation. However 
gross the superficial infection may be it is 
withheld by the inner muscle barrier. 
Therefore, the cause of the intermuscular 
abscess must be sought elsewhere. The anal 
canal possesses an inherent weakness at the 
dentate line. Here exist the crypts of Mor- 
gagni, best developed posteriorly, opening 
into these crypts are ducts of branched tubu- 
lar gland-like structures known as the anal 
or intramuscular glands. Bremer states that 
there are seldom more than 6 to 8 glands. 
The main ducts extend outward and usually 


downward and penetrate the internal 
sphincter where a flask-shaped swelling is 
usually encountered. Extending beyond this 
ampulla there are several branches which 
continue through the internal sphincter and 
end blindly in the intramuscular connective 
tissue. Occasionally a tubule is seen piercing 
the longitudinal musc lelayer. Hill, Shryock, 
and ReBell state that the glands extending 
cephalad are usually simpler in structure 
(unbranched tubules) than those which ex- 
tend caudad. They found that the glands 
usually only penetrated into the deeper por- 
tions of the submucosa and 3 out of 17 pene- 
trated into the substance of the internal 
sphincter. In this series they found no glands 
in the tissues deeper than that of the internal 
sphincter. Hermann and Desfosses de- 
scribed deep glands of the terminal portion 
of the rectum and indicated their important 
role in the causation of the abscess and the 
fistula. Lockhart-Mummery stressed __ the 
pathology of these tubular branched struc- 
tures of glandular origin which may even 
pass through the internal sphincter and sug- 
gested their possible termination in the 
ischiorectal fossa. Tucker and Hellwig have 
ably demonstrated these anal glands in 
microscopic studies of anal crypts excised at 
operation. 

The intermuscular abscess results from in- 
fection of anal glands which end deep to the 
internal sphincter, in the intermuscular 
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space that lies between the internal and ex- 
ternal sphincter. The author locates the ab- 
scess as being bounded medially by the in- 
ternal sphincter and laterally by the longi- 
tudinal layer and the external sphincter. 
The relation of the longitudinal muscle to 
the abscess is in doubt as it is unidentifiable 
at operation. In 2 out of 10 cases of the high 
intermuscular abscess, the external sphinc- 
ter was plainly visible in the outer wall of 
the abscess. The diagrammatic representa- 
tion of the high and low intermuscular 
abscess is shown in Figures 2 and 3. 


DISCUSSION 


The high intermuscular abscess is no new 
condition. It is maintained that it has been 
universally described as the ‘‘submucous ab- 
scess” and placed as lying between the mu- 
cous membrane and the internal sphincter. It 
is contended that a true submucous abscess 
is a very superficial process and leads to 
spontaneous evacuation. There is little 
scope here for surgical intervention. 

The importance of the recognition of the 
high intermuscular abscess, when advanced 
and presenting subcutaneously, lies in the 
fact that it is mistaken for a postanal or 
retroanal abscess, that is an abscess lying 
external to the anal canal. The surgical cure 
of the true condition is a simple internal 
anorectal operation whereas the operation 
for the misdiagnosed abscess is an external 
operation of formidable dimension with a 
great deal of sphincter sacrifice. 

The low intermuscular abscess which rep- 
resents the perianal or subcryptic abscess is 
more of academic interest as the operative 
cure remains much the same. These ab- 
scesses are generally low and comparatively 
superficial, the infected anal gland running 
obliquely downward and outward through 
the lowest part of the internal sphincter. The 
low intermuscular abscess, as depicted in 
Figure 2, v, is one in which the infected 
gland runs nearly at right angles from the 
anal crypt and gives rise to a well developed 
abscess involving the lower half of the inter- 
muscular space. It thus is the lower counter- 
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Fic. 3. Classification of anorectal abscess. Internal: 
7, high intermuscular abscess; 2, low intermuscular 
abscess; 3 and 4, superficial abscess. External: 5, pelvi- 
rectal abscess; 6, ischiorectal abscess; 7, subcutaneous 
abscess. 


part of the high abscess. The operation 
here, therefore, corresponds except for 
height. About 10 per cent of the low inter- 
muscular abscess group are of the deep va- 
riety whereas the total group comprises 
about 80 per cent of the anorectal ab- 
scesses. 

A new simple classification is suggested in 
Figure 3. 

The high and low intermuscular abscess 
is of cryptoglandular origin. The superficial 
abscess of the internal group is due to infec- 
tion of shallow anal glands (cryptoglandu- 
lar), infected hematomas, or trauma. 

The pelvirectal abscess is secondary to 
pelviabdominal pathology. The ischiorectal 
abscess may be a primary lymphatic or 
blood-borne infection or secondary infec- 
tion from a break through a low intermuscu- 
lar abscess. The subcutaneous abscess of the 
external group is due to local tegumentary 
disease. 

This classification divides the anorectal 
abscess into two pathologic-anatomic groups, 
internal and external, with a corresponding 
surgical approach. 


CONCLUSION 


The anorectal abscess is the parent of the 
fistula. Early and expert treatment of the 
abscess prevents unnecessary fistula forma- 
tion. The incorrect approach to the abscess 
leads to a residual fistula which may re- 
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quire extensive and crippling surgery to 
elicit a cure. 


It is hoped that a better understanding of 


the high intermuscular abscess, hitherto 
called the submucous abscess, will lead to 
some simplification of this difficult subject. 
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PERIPHERAL BLOOD FLOW 


THE EFFECT OF NOREPINEPHRINE ON 


BENSON B. ROE, M.D., F.A.C.S., San Francisco, California 


THE PROMPT and powerful vasopressor effect 
of norepinephrine has been demonstrated 
clinically by Livesay and Chapman and in 
the experimental animal by Barcroft and 
associates. That the coronary vessels are ap- 
parently spared in the constrictive effect of 
this drug has been shown repeatedly, and a 
significant rise in coronary blood flow is re- 
ported by some investigators but not sup- 
ported by others. 

As a therapeutic measure to combat the 
effects of hemorrhagic shock or postsurgical 
hypotension, norepinephrine has proved use- 
ful in restoring and maintaining normal 
levels of blood pressure. Satisfactory clinical 
outcome in many instances has been attri- 
buted to the use of this agent without any 
knowledge regarding the patient’s course 
otherwise. 

In the treatment of shock the objective is 
clearly to maintain adequate blood flow to 
the vital organs. Unfortunately, the practical 
difficulties of measuring blood flow have 
made it necessary to rely on pressure deter- 
minations, and a direct roughly linear rela- 
tionship between pressure and flow has been 
inferred. Existing literature on this relation- 
ship is of conflicting opinion, however, the 
author has recently demonstrated some of 
the fallacies underlying this assumption 
(4). 

A series of experiments was carried out on 
mongrel dogs to demonstrate arterial flow at 
various pressures in hemorrhagic shock, as 
contrasted to the effect on blood flow in the 
hypotensive state induced by high spinal 
cord blockade. This work has been reported 
in detail elsewhere, including a description 
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of the methods employed (strain gauge and 
polyethylene bubble flowmeters). Median 
pressure drops averaged 60 per cent in the 
hemorrhage group and 53 per cent in spinal 
hypotension. Maximum reduction of blood 
flow at these hypotensive levels was to 15 per 
cent of control value in hemorrhagic shock 
and 37 per cent with spinal block. At the 
completion of the observations in some of 
these experiments, norepinephrine was em- 
ployed intravenously in dosages between 4 
micrograms and 16 micrograms per minute 
to restore pressure approximating normal 
levels, and blood flow measurements were 
repeated. These data are summarized in 
Tables I and IT. 

It is apparent that the restoration of al- 
most normal pressures from depressed levels 
with norepinephrine is associated with a dif- 
ferent pattern of flow changes in the two 
groups studied. Figures 1 and 2 represent 
examples of the response patterns to nor- 
epinephrine in hemorrhage and neurogenic 
hypotension. Where sympathetic denerva- 
tion initiated the drop in pressure and flow, 
both were restored to almost normal levels 
in a parallel fashion. Average median pres- 
sure values rose from 50 per cent to 102 per 
cent of control values and average flow val- 
ues rose from 33 per cent to 82 per cent of 
controls. In hemorrhagic shock the restora- 
tive effect of norepinephrine on pressure was 
comparable, producing a rise from an aver- 
age low of 42 per cent to 83 per cent of con- 
trol levels, whereas average flow rates recov- 
ered only from 15 per cent to 40 per cent of 
control flows. Expressed as a ratio between 
flow recovery and pressure recovery the ef- 
fect of norepinephrine after hemorrhage was 
0.49 as compared to a ratio of 0.81 in spinal 
hypotension. 
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TABLE I.—EFFECT OF NOREPINEPHRINE ON BLOOD PRESSURE AND BLOOD FLOW IN HEMORRHAGIC SHOCK 








Median pressure. “ Sk, | a : 
Per Per cent Per Per cent Ratio 
cent After nor- control cent After nom control Flow r ecovered 
Experiment Artery Control Lowest control epinephrine recovered Control Lowest control epinephrine recovered Pressure recovered 
H6* Cc 145 65 45 113 78 96 23 24 40 42 54 
F 157 83 53 121 77 67 6 9 33 49 64 
H7 Cc 100 62 62 88 88 80 19 24 35 44 -50 
F 102 60 59 75 73 21 5 24 6 29 40 
H8 Cc 120 47 39 120 100 97 14 14 40 41 41 
F 135 52 39 110 82 60 8 13 30 50 -61 
H9 Cc 117 42 36 117 100 86 14 16 41 48 .48 
F 117 38 32 115 98 98 10 10 23 23 + 2s 
H10 Cc 102 37 36 70 69 95 14 15 44 46 .67 
F 107 32 30 80 75 40 6 15 6 15 .20 
H14 Cc 122 47 39 98 80 72 11 15 37 51 .64 
F 140 50 36 112 80 89 5 6 40 45 -56 
Averages 83 40 49 


*Illustrated in Figure 1. 


TABLE II.—EFFECT OF NOREPINEPHRINE ON BLOOD PRESSURE AND BLOOD FLOW IN SPINAL HYPOTENSION 


_____ ______ Median pressure ee iG Peete ree 


Per Per : 
Per cent Per cent ; Ratio 
cent After nor- control cent After nor- control Flow recovered 
Experiment Artery Control Lowest — control epinephrine recovered Control Lowest control epinephrine recovered Pressure recovered 
S13 Cc 80 33 41 78 98 29 10 35 28 97 -95 
F 78 25 32 70 90 12 5 42 11 92 1.02 
S14 Cc 118 62 53 118 100 121 23 19 80 66 66 
F 127 56 44 126 99 61 13 21 41 67 68 
S16 C 140 62 44 135 96 72 12 17 35 49 51 
F 123 60 49 152 113 33 3 9 22 67 59 
S18 Cc 121 72 59 110 91 76 48 63 78 103 1.13 
F 120 70 58 125 104 55 22 40 50 91 87 
$21* C 110 72 65 133 121 118 49 42 114 97 80 
F 128 65 51 135 105 78 29 37 73 94 89 
Averages 101.7 82.3 81 


*Illustrated in Figure 2. 


TABLE III.—EFFECT OF NOREPINEPHRINE COMPARED TO REINFUSION AFTER HEMORRHAGE 








ere See || Seen = 
After Per cent After Per cent After Percent = After Per cent 
Experiment Artery Control — norepinephrine recovery reinfusion recovery Control norepinephrine recovery reinfusion recovery 
H6 Cc 145 113 78 128 88 96 40 42 123 128 
F 157 121 77 138 88 67 33 49 61 91 
H7 Cc 100 88 88 85 85 80 35 44 80 100 
F 102 75 73 88 86 21 6 29 19 90 
H8 Cc 120 120 100 95 79 97 40 41 55 57 
F 135 110 82 97 72 60 30 50 33 55 
H9 Cc 117 117 100 117 100 86 41 48 100 117 
F 117 115 98 125 107 98 23 23 170 173 
H10 CG 102 70 69 93 91 95 44 46 78 82 
F 107 80 75 100 93 40 6 15 57 142 
H14 Cc 122 98 80 _ -— 72 37 51 — _- 
F 140 112 80 _ _ 89 40 45 _ _ 
H5 Cc 123 _ _ 120 98 82 _ _ 105 128 
F 130 _ — 125 96 72 —_ - 102 142 
Averages 83 90 40 108 
Technical inaccuracies in the experimen- _ sided. The comparative result is even more 


tal method are identical at similar pressures __ striking. Average median pressure returned 
and differences in values are at least roughly _ to 90 per cent of control (against 83 per cent 
quantitative. Furthermore, blood lost by the — with the vasopressor) and average flow re- 
animals in the group with hemorrhagicshock __ turned to 108 per cent of control (against 40 


| 





was replaced after the norepinephrine had __ per cent with norepinephrine) (see Table J 


been discontinued and its effect had sub- III). 
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Fic. 1. Graph of a sample experiment showing the re- 
sponse of blood pressure and blood flow to norepinephrine 
in hemorrhagic shock. 


It is notable that no consistent pattern of 
differential response was obtained between 
carotid and femoral vessels; in general, the 
observations were similar and there was no 
evidence to show that peripheral flow altera- 
tions differed significantly from cerebral flow 
changes under the conditions of this study. 

It is significant that the changes in pres- 
sure and flow produced by norepinephrine 
in hemorrhage are in direct, albeit dispro- 
portional, relationship. Pressure elevation is 
apparently not produced at the expense of 
flow either in the head or in the leg. Increas- 
ed flow to these areas could represent redis- 
tribution but more likely is a reflection of 
increased total cardiac output which has been 
demonstrated with this drug by Delaunois 
and Vandenberghen. Since output reflects 
increased venous return to the heart it must 
be inferred that norepinephrine has a signi- 
ficant effect on emptying the venous reser- 
voir. Indeed our data suggest that the changes 
in arteriolar resistance are less important in 
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Fic. 2. Graph of a sample experiment showing the re- 
sponse of blood pressure and blood flow to norepinephrine 
in spinal hypotension. 


sympathetic activity than the effects on ve- 
nous “‘pooling”—perhaps by venule con- 
striction. When blood volume is lowered the 
venous reservoir is smaller and its ““compres- 
sion” thus produces a smaller increase in 
cardiac output and a smaller rise in periph- 
eral flow. 

Clinical usage of this valuable drug is thus 
further substantiated but physiologic im- 
provement must not be measured in terms 
of blood pressure response. In the areas stud- 
ied the blood flow response in hemorrhagic 
shock was roughly half that of the blood 
pressure response. 


SUMMARY 


Relationships between blood pressure and 
blood flow were studied in a series of experi- 
mental animals subjected alternately to hem- 
orrhagic shock and neurogenic hypotension. 
The effect of intravenously administered 
norepinephrine on these hypotensive states 
produced restoration of almost normal pres- 
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sures in both groups. The restoration of flow, - ~ a — —-— the human forearm. J. 
buns ; ysiol., : -450. 
however, showed a distinctly different pat- . DELAUNOIS, A. L., and VANDENBERGHEN, C. Influ- 
tern; flow was increased in both groups, but — of a, - — output and me- 
cha e ° ° t a . Int t. 

distinctly less in hemorrhagic shock than in i. 1954, ——_ pharm. 

spinal hypotension. . Livesay, W. R., and Cuapman, D. W. The treatment 
of acute hypotensive states with 1-norepinephrine. 
Am. J. M. Sc., 1953, 225: 159-171. 
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EDITORIALS 





ADENOMATOUS POLYPS OF THE COLON AND RECTUM 


JACK W. COLE, M.D., F.A.C.S., Cleveland, Ohio 


PERIODICALLY in the clinical practice of med- 
icine and surgery one gets the impression 
that there is an increasing incidence of a spe- 
cific disease entity being encountered in the 
particular physician’s sphere of activity. Just 
such an impression has been reached at the 
University Hospitals during the past 2 years 
regarding adenomatous polyps of the colon 
and rectum. 

Our operating room records lend sup- 
port to this impression. In 1946, 8 cases were 
scheduled for excision of adenomas of the 
colon or rectum; in 1950, there were 30 
cases; and in 1955, a total of 47 cases. This 
represents a sixfold increase in the number 
of patients scheduled for removal of adeno- 
mas of the colon over a 9 year period. Vari- 
ous factors unquestionably have some bear- 
ing on this rather rapid rise, such as in- 
creased patient volume, more widespread 
use of diagnostic measures, i.e., sigmoidos- 
copy and roentgenography, both within the 
hospital and by practitioners as an office 
procedure, perhaps a more enlightened 
laity who seek earlier attention for appropri- 
ate symptoms, and increasing life expec- 
tancy placing more individuals in the 
susceptible age group, to mention a few. 

All of these factors undoubtedly are con- 
tributory to the manifest increase in adeno- 
mas treated in this hospital and yet it seems 
unlikely in view of what is known that even 
the combined influence. of the factors enu- 
merated can account for a sixfold increase. 
For instance, the number of diagnostic sig- 
moidoscopies performed in University Hos- 





pitals over the same period has only 
doubled, life expectancy has increased but a 
year or two during the past decade, ad- 
mittedly more practitioners perform sig- 
moidoscopic examination as part of their 
general patient study but unfortunately the 
number remains small. Shortening in pa- 
tient delay through an enlightened public 
would be encouraging, if not contributory, 
but in light of data concerning other malig- 
nant and premalignant lesions we must ac- 
cept this factor as having a bearing on the 
increase with some reservation, at least for 
the present. 

Perhaps of still greater interest are the 
data gathered from the autopsy files of the 
Institute of Pathology. These data were col- 
lected from consecutive autopsy records in 
all individuals over the age of 5 years for 
each respective year and the adenomatous 
polyps were incidental findings. 

In 1936, 350 autopsy records were re- 
viewed and 13 of these patients were found 
to have one or more adenomas of the colon 
or rectum. In 1945, 350 autopsy records 
revealed the presence of adenomatous polyps 
in only 14 cases. However, in 300 autopsies 
reviewed in 1953 (50 less than either of the 
other 2 years examined) a total of 34 pa- 
tients were reported to have adenomatous 
polyps of the colon and rectum. Interest- 
ingly, the average age of patients with 
polyps in 1936 was 63 as compared to age 
65 years for those with polyps in the 1953 
series. In brief, there were more than twice 
as many patients coming to autopsy in 1953 
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who were found to have adenomatous 
polyps of the colon and rectum than there 
were in 1936. 

Facts and figures of this sort do not permit 
one to draw any conclusions and my statis- 
tician colleagues were quick to inform me 
that autopsy records are not ‘‘unselected”’ 
members of our general population, and of 
course must be corrected for age, sex, and 
race. Notwithstanding the objections that 
can be raised regarding the data from a 
statistical point of view and realizing that 
caution must be exercised in drawing con- 
clusions from the data, it seems justified to 
raise the question, “‘Is this increase real or 
apparent?” Time alone will have the an- 
swer. We are reminded that just such a 


question was raised in the past concerning 
cancer of the lung. 

If the increase is only apparent and repre- 
sents a general improvement in the stand- 
ards of medical and surgical practice it is 
commendable, and future efforts to find and 
remove these lesions can be expected to be 
still more rewarding. On the other hand, if 
the increase is real and more people are 
harboring this premalignant lesion than 
formerly, medical science is faced with still 
another great challenge in finding a cause. 
The discovery by Leuchtenberger of cyto- 
plasmic “inclusion bodies” in the cells of 
adenomas of the colon may have far-reach- 
ing implications and may prove significant 
in regard to the etiology of these lesions. 
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PERIODIC EVALUATION OF SURGICAL MEASURES 





R. K. GILCHRIST, M.D., F.A.C.S., Chicago, Illinois 


IN THE DISCUSSION OF A PAPER at a meeting of 
alocal medical society, a general practition- 
er made a remark which the entire teaching 
profession should take to heart. He said, “I 
know nothing about this particular subject, 
but I wish to impress upon you teachers the 
great responsibility that is yours. If you ad- 
vocate a line of treatment which proves not 
to be correct, think of the number of patients 
who will suffer because we practitioners 
have followed your advice. How many pa- 
tients will we mismanage before we discover 
that you were wrong?” 

The medical profession has made phe- 
nomenal advances in all fields of medical 
endeavor. However, none has been more 
fruitful than the postgraduate education of 
licensed physicians. In the surgical field 
alone, there are over 7,000 doctors serving 
as residents in preparation for certification 
as specialists. 

In addition to the benefits of the great 
number of residency training programs, 
there probably is an even greater public 
gain from the numerous informal education- 
al programs conducted for certified special- 
ists in practice and for the larger number of 
general practitioners, who still provide one- 
half of all the surgical care in the United 
States. 

These informal programs take several 
forms. The Clinical Congress of the Ameri- 
can College of Surgeons has the largest 
attendance; the 1955 Clinical Congress had 
28 panel discussions, 4 symposia, a clin- 
icopathologic conference, 2 formal evening 
meetings, 8 six day postgraduate courses, 
16 research and pure science sessions, and a 
review morning devoted to ‘‘What’s New in 
Surgery.” One thousand nine hundred 
forty-one surgeons enrolled for the postgrad- 
uate courses. Also, 19 Ciné Clinics and 104 
motion pictures in 11 sections were shown. 


The College also provides 9 sectional 
meetings a year, each of which is attended 
by 400 to 2,000 doctors. This does not in- 
clude the meetings of the state and local 
chapters of the College. 

While the American College of Surgeons 
has the largest and broadest program in 
postgraduate surgical education, it is only 
one segment of the fine picture. The Ameri- 
can Medical Association devotes a sizable 
part of its annual meeting to education in 
the surgical field. Almost every surgical so- 
ciety welcomes nonmembers to its meetings. 
Usually, the visitors pay no registration fee 
or, at the most, pay only an amount suffi- 
cient to cover a portion of the cost of holding 
the meeting. An idea of the number of such 
meetings can be gained by an inspection of 
The Journal of the American Medical Association 
in the section labeled “‘meetings. . .” 

As is to be expected, speakers in these 
various meetings are drawn largely from the 
faculties of the medical schools or from or- 
ganized clinics and groups which have suffi- 
cient patient and laboratory facilities to 
make it possible for the speaker to take an 
active part in clinical or laboratory investi- 
gation. 

The drive to keep the profession informed 
is a tribute to those who participate in these 
programs. This drive results in a keen and 
friendly competition between all surgeons 
who are participants. The strife for recogni- 
tion is great among those who devote their 
full time to teaching and research, since ad- 
vancement is dependent largely upon such 
recognition. This fact often leads to prema- 
ture presentation of the results of investiga- 
tions in the nature of preliminary reports. 
Such reports are presented by the essayist in 
the light of his original observations and sel- 
dom are considered as a completed work, 
but only as a step toward a final answer. 
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Co-workers in his own and in other institu- 
tions are aware of this attitude and accept it 
in this light. 

However, the verbal presentation and the 
written paper are presented to practicing 
surgeons who are not engaged in laboratory 
studies. A great number of certified special- 
ists have moved into practice and away from 
the critical atmosphere of the teaching hos- 
pital. As time passes, many find it difficult to 
evaluate critically the material presented 
and often are forced to accept unchallenged 
the voice of authority. This is true even of 
those who may have had the advantage of a 
formal surgical training, including some 
time spent in research. It is even more true 
of the surgeons who have not had the ad- 
vantages of such an education. They are 
forced to accept someone as an authority 
when considering a new therapeutic meas- 
ure. However, they are so far removed from 
the research environment that they may not 
recognize the need for a revision or limita- 
tion of the procedure advocated. Thus, they 
are apt to continue to carry out a course of 
treatment long after the original essayist has 
changed his approach to the problem. 

The original essayist usually is soon aware 
of deficiencies or exceptions to a new form of 
treatment because of his own experience or 
that of his colleagues. As a consequence, he 
often presents a modification or limitation 
of the original thesis directed mainly to those 
qualified to evaluate his work, but, unfor- 
tunately, not the practitioner who has ac- 
cepted it. Although the original author has 
written of the change, he may not be aware 
of the fact that his original work still is ac- 
cepted unreservedly by a great number of 
surgeons. He has not reached their ears. The 
question arises, “‘How can the essayist inform 
all doctors doing surgery that a revision is 
needed?” 


Does it not seem logical that each of the 
major surgical societies, such as the Ameri- 
can College of Surgeons, the American Sur- 
gical Association, the Western Surgical As- 
sociation, the Southern Surgical Society, and 
others as well as the national societies repre- 
senting the various specialties should devote 
a part of one session every 2 to 3 years toa 
critical analysis of selected papers presented 
3 to 4 years previously? The program com- 
mittees of the societies should select these 
papers; the original authors should be re- 
quested to revise or re-evaluate their work in 
3 minute presentations. Strong differences of 
opinion should be aired by encouraged open 
discussion of controversial problems. The 
publication of such presentations and dis- 
cussions would serve the desired purpose. 
The volume containing such a section would 
be read eagerly by every man doing sur- 
gery. 

Frederick A. Coller and his associates, in 
the Annals of Surgery of April 1944, volume 
119, page 533, set an example for the entire 
profession when they said, ‘“The purpose of 
this discussion is to retract the so-called clin- 
ical rule that was proposed” (Coller, F. A., 
Bartlett, R. M., Bingham, D. I. C., and 
Pedersen, D. Ann. Surg., 1938, 108: 769- 
783). This short paper, published in the 
same journal, effectively put an end to a 
procedure which they had advocated pre- 
viously and which they found did not stand 
the test of time. It reached the same audi- 
ence. Obviously, it enhanced their value as 
teachers whose advice could be followed by 
all. Editors of surgical journals no doubt 
would welcome such revisions by other au- 
thors who have abandoned procedures they 
had advocated previously. The authors of 
surgical papers and the journals in which 
they are published both owe such revisions 
to their readers. 
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THE SURGEON AT WORK 








CHOLANGIOGRAPHY EMPLOYING A FOLEY CATHETER 


JOHN O’L. NOLAN, M.D., F.A.C.S., Hartford, Connecticut 


IN RECENT YEARS much has been written about 
cholangiography during surgery as a means of 
establishing the presence or absence of intra- 
ductal disease, and various techniques for intro- 
ducing the opaque media into the duct system 
have been described. Most of these have dealt 
with catheterization of the cystic duct or the 
common duct which involved adding a burden- 
some technique on the operator or, in the case 
of entering the common duct, a risk of greater 
morbidity for the patient. 

In an attempt to work out a simple technique 
for outlining the duct system without entering 
the common duct or tediously threading the 
cystic duct with a catheter, a Foley catheter was 
inserted into the gallbladder, the balloon inflated, 
the gallbladder closed off with a Kocher clamp, 
and the gallbladder was then filled with dio- 
drast, the duct system perfused with the opaque 
media, and the cholangiograms were taken. In 
subsequent cases, the gallbladder has been sep- 
arated from the liver bed, and after the Foley 
catheter has been introduced a tie has been 
placed above it to bring the wall of the gall- 
bladder snugly around the catheter (Fig. 1). 
After the necessary films are made the tie is cut, 
the Foley catheter withdrawn, and the chole- 





Fic. 1. Cross section showing inflated Foley snugly 
against gallbladder. Arrow shows ligature or clamp point. 
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cystectomy finished in any way the surgeon 
wishes. 

This method has resulted in very satisfactory 
films (Fig. 2). Its greatest attraction has been 
the simplicity and ease with which the step can 
be carried out. Another factor of importance is 
that it takes only a few minutes to complete. At 





Fic. 2. Cholangiogram showing outline of ducts and 
gallbladder. 
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the present time, use of this technique adds no 
more than 10 minutes to the whole operation 
and most of this time is in waiting for develop- 
ment of the x-ray films. 

The question of pushing stones into the duct 
system has been raised, but this can be avoided 
by thoroughly emptying and cleaning the gall- 
bladder before inserting the catheter. Isolating 
the cystic duct, which, of course, is a necessary 
step in the operation, should permit careful 
palpation for a stone trapped in this area. This 
particular aspect of the problem rests squarely on 


the surgeon and his own meticulous standards 
regardless of whether a cholangiogram is taken 
or not. 


SUMMARY 


A simple, rapid method of performing a 
cholangiogram is described. It has resulted in 
films of excellent quality with a high degree of 
detail, and this method does not unduly prolong 
the operating time or expose the patient to the 
risks involved in opening a common duct which 
does not need to be entered. 
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FORMATION OF GASTROINTESTINAL 





FISTULAS USING A PROSTHESIS 


W. A. BARNES, M.D., and S. F. REDO, M.D., New York, New York | 


GASTROSTOMY OR JEJUNOSTOMY may become nec- 
essary for the purpose of feeding patients with 
unresectable obstructing lesions of the esophagus 
or stomach. In certain benign conditions, a tem- 
porary gastroenteric stoma may be indicated to 
improve the nutritional status of the patient prior 
to direct attack on the lesion. 

Many types of gastrostomy and jejunostomy 
have been described, but none appears to be en- 
tirely satisfactory. A suitable gastric or enteric 
stoma should: (1) be readily constructed; (2) be 
easily cared for by the patient or his family; (3) 
not leak; (4) not lead readily to infection in the 
peritoneal cavity or abdominal wall. 

By the method herein described a prosthesis 
has been used in 3 patients. A gastrostomy was 
formed in 2 patients and a jejunostomy in the 
other patient. The satisfactory results obtained 
to date prompt this preliminary report. 


MATERIAL AND METHODS 


The prosthesis is a modification of a cannula 
previously used in 20 dogs for the creation of a 
gastric fistula.1 The cannula was well tolerated 
and no leakage or infection about it occurred 
during periods of observation for longer than 6 
months. 

The prosthesis (Fig. 1) consists of an inner 
flange, 3 centimeters in diameter for gastrostomy 
and 2.1 centimeters in diameter for small bowel 
fistula, surrounding one end of a hollow core 0.7 
centimeter in diameter with external threading 
(0.1 cm.). There is a second flange 0.8 centimeter 
above the inner flange. It extends 0.25 centi- 
meter from the outer circumference of the cen- 
tral core. Near its periphery holes, 0.15 centi- 
meter in diameter, are set 0.2 to 0.3 centimeter 
apart. The hollow core is threaded externally 
from a distance 0.4 centimeter from the perfo- 
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Repo, S. F., and Barnes, W. A. A stainless steel cannula for 
ihe creation of gastrointestinal fistulas. Surgery, 1954, 35: 844— 


rated flange to its outermost part. There is an 
outer flange, 3 centimeters in diameter, which 
screws down about the central core to accommo- 
date change in the thickness of the abdominal 
wall. A threaded cap fits on the central core. 
The total length of the prosthesis, not including 
the cap, is 4.1 centimeters. 

The prostheses used to date have been made 
of stainless steel or nylon. Long experience with 
vitallium for prostheses used in various parts of 
the body suggests that this may be the best ma- 
terial, and prostheses of this metal are being 
made. 

The operative procedure is similar whether 
for gastrostomy or jejunostomy (Fig. 2). Local 
anesthesia may suffice, although general anes- 
thesia has been used in our cases. A midline or 
left paramedian incision is made through the 
skin and subcutaneous tissue which are retracted 
to the left. The anterior sheath of the rectus is 
cleaned and incised longitudinally near its mid- 
dle. The rectus muscle is split, and the posterior 
rectus sheath and peritoneum are opened length- 
wise. After exploration, the stomach (or jejunum) 
is delivered into the wound and 2 stay sutures 
are placed 3 centimeters apart in the anterior 
wall of the stomach as near the cardiac end as 
feasible. (In the jejunum they are placed on the 
antimesenteric border.) An incision is made into 
the lumen and bleeding points are clamped and 
ligated with No. 000 plain catgut. The inner 
flange is inserted and the wall of the organ closed 
about the prosthesis with inverting sutures of No. 





Fic. 1. Prosthesis for the formation of gastrointestinal 
fistulas. 
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Fic. 2. Formation of gastrostomy using prosthesis of nylon (Case 3). a, Opening in stomach to 
accommodate inner flange of prosthesis. b, Closure of stomach about central core. c, Perforated 
flange sutured to seromuscular coat of stomach. d, Peritoneum closed and sutured to wall of stomach 
about the perforated flange. ec, Retention sutures in place and rectus fascia approximated. f, Outer 
flange and cap in place. 


000 silk. The perforated flange is then secured to 
the seromuscular coat with interrupted sutures 
of No. 0000 chromic catgut on an atraumatic 
needle. The peritoneum is closed with contin- 
uous or interrupted sutures of No. 00 chromic 
catgut and sutured to the wall of the stomach 
(or jejunum) close to the prosthesis. Interrupted 
retention sutures of No. 28 steel wire are placed 
through the anterior rectus fascia and muscle 
and tied after the fascia has been closed with 
interrupted sutures of No. 00 chromic catgut. 
The fascia may be sutured to the gastric wall 
near the prosthesis leaving a small fascial defect. 
A stab wound through skin and subcutaneous 
tissue, large enough to accommodate the central 
core, is made laterally to the skin incision, and 
the core is delivered through this opening. It is 
important that the prosthesis should not be in 
close proximity to the costal margin, or discom- 
fort may be experienced especially when the pa- 
tient bends. The outer flange is screwed on down 
the core to the skin level, and the cap is put in 
place. The skin of the main incision is closed with 
interrupted sutures of silk. 

While the prosthesis described, once inserted, 
cannot be removed without operative interven- 


tion, a modified form for temporary insertion is 
being tested. In this type (Fig. 3) the perforated 
flange is omitted, and the inner flange is separate 
from the central hollow cylinder into which it is 
screwed. When unscrewed the inner flange drops 
into the stomach or jejunum and readily passes 
through the intestinal tract while the central 
core is easily withdrawn. The fistula may be ex- 
pected to close spontaneously. 


CASE REPORTS 


Case 1. A 78 year old white male was admitted to 
the New York Hospital on June 30, 1955 because of 
dysphagia of 6 months’ duration with progressive ano- 
rexia, weakness, and a loss in weight of about 7 kilo- 
grams. He weighed 54.8 kilograms on admission. 
There was a large obstructing carcinoma of the esoph- 
agus at the level of the cricopharyngeus muscle. Be- 
cause of the age of the patient, the location and extent 
of the lesion, and the presence of apparently involved 
cervical lymph nodes, the lesion was considered inop- 
erable and x-ray therapy was begun. On discharge, 
July 21, 1955, he weighed 51.5 kilograms. Radiation 
therapy was completed on an outpatient basis. 

He continued to lose weight and despite x-ray ther- 
apy, dysphagia progressed so that on November 8, 
1955 he was unable to swallow even fluids, and he was 
readmitted to the hospital. He appeared chronically 
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ill, malnourished, and weighed 50 kilograms. Total 
plasma proteins were 5.7 grams per cent with an al- 
bumin-globulin ratio of 3.7 to 2.0. 

On November 11, 1955, a gastrostomy was created 
using a stainless steel prosthesis. Postoperatively he did 
well. On the first postoperative day, 600 cubic centi- 
meters of skimmed milk were given through a catheter 
in the prosthesis. On the following day, 1,000 cubic 
centimeters of gastrostomy feedings were introduced 
without incident. He tolerated the feedings well, and 
by the second week he was taking 600 cubic centi- 
meters of formula and 100 cubic centimeters of water, 
4 times daily. This regimen provided 2,900 calories 
per day. He was taught to feed himself through the 
prothesis, and he was discharged on the thirty-fifth 
postoperative day weighing 52.7 kilograms. 

At present, 4 months after operation, he weighs 55.5 
kilograms as compared to 50 kilograms before insertion 
of the prosthesis. The skin around the prosthesis is in 
good condition. A minimal] amount of drainage collects 
on a piece of gauze with which the patient covers the 
prosthesis. On one occasion, granulation tissue be- 
neath the external flange near the central core was 
cauterized with silver nitrate. He is having no diffi- 
culty in the management of the prosthesis (Fig. 4). 

Case 2. A 57 year old white male was admitted to 
New York Hospital for the third time on January 6, 
1956 because of inability to swallow for 18 hours. 
About 20 months earlier he had undergone a total 
gastrectomy and resection of the distal esophagus for 
carcinoma of the stomach with lymph node metastases. 
After discharge he did relatively well for about 16 
months. He then developed progressive chest pain, 
cough, and dysphagia. Diagnostic studies on his second 
admission (December 16, 1955) were inconclusive, 
and the patient left the hospital against advice. How- 
ever, the dysphagia increased, and he was again ad- 
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Fic. 3. 


_ Fic. 3. Diagram of prosthesis modified for temporary 
insertion in gastrointestinal tract. 

Fic. 4. Gastrostomy formed with prosthesis of stainless 
steel (Case 1). There is no reaction in the surrounding 
skin 34 days after insertion. The appearance is similar 
after 4 months. 


Barnes and Redo: FORMATION OF GASTROINTESTINAL FISTULAS WITH PROSTHESIS 








a 





Fic. 5. Jejunostomy formed 
with prosthesis of nylon (Case 2). 
a, Appearance 3 weeks after 
operation. b, Method of feeding b 
through the prosthesis. 


mitted to the hospital. Physical examination was unre- 
markable except for malnutrition, dehydration, and 
hepatomegaly. Plasma proteins were 5.8 grams per 
cent with an albumin-globulin ratio of 3.4 to 2.4. He 
weighed 43 kilograms. X-ray and esophagoscopic ex- 
amination showed stenosis of the esophagus at the level 
of the clavicle. A course of x-ray therapy was begun 
shortly after admission. On January 20, 1956, because 
of inability to swallow, a jejunostomy using a nylon 
prosthesis was made. He tolerated the procedure well. 

On the first postoperative day, he received 1,000 
cubic centimeters of lipoprotein through the prosthesis. 
This amount was gradually increased to reach 2,000 
cubic centimeters with total caloric value of 2,300. 
Despite this seemingly adequate intake, he failed to 
gain weight. On the day before operation he weighed 
42.4 kilograms; on the thirty-first postoperative day 
he weighed 39.7 kilograms. This patient coughed ex- 
cessively especially during the immediate postopera- 
tive period. There was slight erythema of the skin 
about the nylon cannula during the first week after 
operation. Subsequently this cleared. Feedings were 
performed without difficulty, and there was no leakage 
about the prosthesis (Fig. 5). He was discharged Feb- 
ruary 20, 1956. 

Case 3. A 57 year old white male was admitted to 
the New York Hospital for the second time on Feb- 
ruary 2, 1956 because of dysphagia for the preceding 
6 months. His previous admission was for an unrelated 
complaint. He had lost 35 pounds since the onset of 
the present illness. X-ray studies revealed an extensive 
carcinoma of the mid and lower esophagus. Physical 
examination showed hepatomegaly, malnutrition, and 
pulmonary emphysema. His weight on admission was 
48 kilograms. Because the patient was unable to swal- 
low even liquids, a gastrostomy using a nylon prosthe- 
sis was performed on February 4, 1956 (Fig. 2). At 
the time of operation intra-abdominal metastases were 
noted. 

On the first postoperative day he received 400 cubic 
centimeters of lipoprotein through the gastrostomy. 
The amount was progressively increased and on the 
sixteenth postoperative day he was taking 2,000 cubic 
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centimeters of sustagen tube feeding daily providing 
3,000 calories. His weight at that time was 46.4 kilo- 
grams. There has been no difficulty in tolerating the 
tube feedings. The skin about the prosthesis is in ex- 
cellent condition, and there has been no leakage about 
the prosthesis. 


DISCUSSION 


The prosthetic device described provides a 
gastrostomy or jejunostomy that fulfills the cri- 
teria previously enumerated. The ease of con- 
struction of the stoma is evident from the illus- 
trations (Fig. 2). Care of the prosthesis is min- 
imal. No dressing is required and the introduc- 
tion of nourishment is readily accomplished. 

In Case 1, the prosthesis did not contain a 
perforated flange, and there was a minimal a- 
mount of drainage. Subsequently the perforated 
flange was incorporated in the prosthesis, and 
leakage has been eliminated. 

In none of the animals or in the humans has 
there been evidence of infection either in the 
peritoneal cavity or in the abdominal wall. Ob- 
jection may be raised to the use of a foreign body. 
Foreign bodies, as a rule, are undesirable when 
tissues of the host are available to perform the 
same function. However, this rule is much more 
applicable to foreign substances placed beneath 


the surface than to those more readily accessible, 
The use of foreign material to form and maintain 
channels inside the body for the passage of vari- 
ous fluids, such as bile and urine, has been aban- 
doned because of the deposits that may block 
the lumen. In hollow prostheses leading to the 
surface of the body this consideration is not im- 
portant because patency of the channel can be 
maintained readily. Local tissue reaction is elim- 
inated or minimized by the use of such material 
as stainless steel, vitallium, or plastics (e.g, 
nylon). 

Prostheses, similar to those described, are being 
tested in the formation of other enteric fistulas 
(ileostomy and colostomy). The results will be 
reported subsequently. 


SUMMARY 


A prosthetic device for the creation of external 
gastric or intestinal fistulas and the operative 
technique for its insertion are described. Advan- 
tages over conventional gastrostomies and jeju- 
nostomies include ease of formation, minimal 
care by the patient, and absence of leakage. The 
courses of 2 patients in whom the prosthesis was 
used for gastrostomy and of 1 patient with a 
jejunostomy are reported. 
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THE SURGEON’S LIBRARY 





Reviews of New Books 


THE EXHAUSTIVE REPORT from a group of British work- 
ers entitled Peripheral Nerve Injuries: will interest every 
surgeon concerned with the problem of peripheral 
nerve injuries. A review of the table of contents and 
afew running comments will indicate the scope of the 
work and of the problems studied. 

The volume is divided into 10 sections or chapters 
and a number of them further divided into several 
parts. Section I is divided into Part 1, Methods of 
Investigating Nerve Injuries by H. J. Seddon; Part 2, 
Rates of Regeneration by Ruth E. M. Boyden and 
D. A. Sholl; and Part 3, Vasomotor and Nutritional 
Disturbances Following Injuries to Peripheral Nerves 
by R. L. Richards. A rather exact method of grading 
muscular power and a chart for recording the findings, 
the methods used for testing sensory function, the value 
of Tinel’s sign as reported by Henderson after his re- 
peated observations while a prisoner of war, Gutt- 
mann’s quinizarin test for pseudomotor function, nerve 
blocking, and muscle and nerve biopsy are all consid- 
ered at length. A discussion of the rates of regenera- 
tion after injury and after suture, based both upon 
experimental and clinical studies is of particular in- 
terest. ‘After suture or a simple crush of a nerve trunk, 
the nerve fibres undergo some retrograde degenera- 
tion followed by branching and outgrowth across the 
scar. The new axons advance down the distal stump 
to make connection with the end-organs. After this 
has been successfully accomplished the fibres must in- 
crease in diameter and acquire the appropriate degree 
of myelination, processes which themselves depend 
upon contact with the end-organs. . . . The density 
of such successful reinnervation must be adequate be- 
fore function can return. In addition, some degree of 
reversal of atrophic changes in the end-organs them- 
selves is necessary. Thus, the problem of measuring 
rates of recovery of function is complex and the dif- 
ficulties are increased by our ignorance of the rate of 
maturation of nerve fibres, the degree of maturation 
required for restoration of particular functions, and 
the rate of reversal of atrophic changes in the end- 
organs,” 

This paragraph indicates some of the difficulties 
encountered in attempting to answer the question. 

1PERIPHERAL NERVE Injuries. Edited by H. J. Seddon. By the 
Nerve Injuries Committee of the Medical Research Council, 
Medical Reveh Council Special Report Series, No. 282. 451 
pages, 276 illustrations. $9.00. Available from British Informa- 


tion Services, New York, New York. London: Her Maijesty’s 
Stationery Office, 1954. 





To state that after radial nerve suture (for example) 
recovery takes place at the rate of 1.6 millimeters, plus 
or minus 0.2 millimeter per day, and that the rate 
decreases in the majority of cases is to state only one 
conclusion from a chapter that should be read in its 
entirety. 

Richards’ thought provoking consideration of vaso- 
motor and nutritional disturbances after injuries to 
peripheral nerves helps to answer some of the ques- 
tions that have troubled every observer who has con- 
stantly seen these changes after nerve injury and at- 
tempted to explain them. His final conclusions are that 
‘persistent coldness of denervated areas is attributed 
to the local vasoconstrictor action of low temperature 
upon denervated blood vessels, to the action of circu- 
lating adrenalin, to disuse, to loss of sensibility and to 
the influence of the vasomotor state of adjacent nor- 
mally innervated tissues. Atrophy of the skin and sub- 
cutaneous tissues and changes in the nails are due to 
disuse and a persistently reduced circulation. Ulcers, 
blisters, and similar lesions are almost invariably the 
result of unappreciated trauma and are accompanied 
by an inflammatory reaction.” 

Of the many excellent chapters that follow one of 
the most interesting is that on “Histopathology of 
Nerve Injuries” by W. Blackwood and W. Holmes. 
This well illustrated discussion of the effect of varying 
forms of injury upon the different elements of the 
nerve proximal and distal to the level of injury, and 
the behavior of these elements after neurolysis, partial 
or complete excision of neuromas, and nerve suture 
by various methods contains much helpful and 
thought-provoking information. The descriptions and 
illustrations, for example, of the “faces” of the excised 
portion of an injured nerve indicate how helpful such 
examinations can be, both in guiding the surgeon as 
to the extent of the excision, and later in determining 
the prognosis. 

A chapter on the “Histopathology of Nerve Grafts” 
by F. K. Saunders presents the results of experimental 
and clinical studies, of autografts and homografts, pre- 
pared by different methods, in animals and humans. 
The author concludes that nerve homografts behave 
similarly to homografts of skin with eventual vascular 
breakdown, destruction of the cells of the graft, and 
collagen formation that acts as a barrier to regenera- 
tion. The longer the graft the less likelihood of success 
in experimental animals. “In marked contrast to the 
results of autografts, all of the fourteen human homo- 
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grafts which have been examined histologically have 
been unmitigated failures.” 

A detailed study of 48 cases of causalgia by R. Barnes 
closes with an excellent summary including the state- 
ment, ‘“‘Sympathectomy gives marked relief of pain in 
most cases of causalgia. Prompt treatment is essential 
to prevent the crippling deformities which follow pro- 
longed immobilization of the painful limb. The re- 
sults of preganglionic are superior to those of post- 
ganglionic sympathectomy.” 

Succeeding chapters on “Neurovascular Lesions” 
by R. L. Richards; ‘‘Electrical Diagnosis of Peripheral 
Nerve Injuries” by A. E. Ritchie; “Electromyography” 
and “‘Factors Influencing Functional Recovery,” both 
by Ruth E. M. Boyden; ‘‘Results of Nerve Suture”’ by 
R. B. Zachary; and “Nerve Grafting and Other Un- 
usual Forms of Nerve Repair” by H. J. Seddon de- 
serve careful reading. They bring together, as do the 
preceding chapters, the results of a great number of 
careful and repeated observations of a large group of 
cases, and the reader cannot help being impressed 
with the care, the effort, and energy that have been 
expended to make this presentation possible. 

— Sumner L. Koch. 


AN INTERNIST AND A PATHOLOGIST have co-authored 
and edited the well illustrated monograph entitled 
Cancer of the Lung.2 Since Adler wrote the first mono- 
graph on the subject in 1912 there has been a number 
of developments, and this book contains most of them, 
including the latest pertinent facts and data concern- 
ing operability, resectability and survival rates, prev- 
alence, pathology, diagnosis, and treatment. 

The vital statistics and necropsy studies demon- 
strate a marked increase in bronchogenic carcinoma. 
However, the mortality is apparently diminishing ex- 
cept in the older age groups. A review of 15,000 cases 
is presented. Less than 55 per cent were considered 
operable after adequate study. It is significant that 
only 18 per cert of the total group were resectable. 
Of the cases resected, in the best series, 20 to 25 per 
cent survived 5 years. 

The diagnostic features of cancer of the lung are 
well presented, with special emphasis on the detection 
of resectable lung cancer. Such detection depends on 
a high index of suspicion by the clinician (general 
practitioner or specialist) and the radiologist. The si- 
lent, noninvasive lesion must be recognized and treated 
adequately if improvement in the resectability and 
cure rates is to be attained. 

The section on surgical therapy by Chamberlain 
and Daniels and that on palliative treatment by Ros- 
wit are excellent. The discussion of surgical therapy 
and a chapter on bronchial adenoma are well pre- 
sented. The various procedures used in palliation, as 
well as the expressed need for the same, and an out- 
line of treatment policy, are certainly timely and prac- 
tical; the physician managing a case of bronchogenic 
carcinoma cannot forget he is treating a person. 

In subsequent editions it would be helpful to the 
reader to list numerically in the bibliographies at the 


2CANCER OF THE LuNG; PATHOLOGY, D1AGNosis, AND TREAT- 
MENT. By Milton B. Rosenblatt, M.D., and James R. Lisa, M.D. 
— pages, illustrated. $15.00. New York: Oxford University 
ress, 1956. 


end of the chapters all of the references and to cite 
them by number in the text. The tables and figures 
should be numbered for the entire book rather than 
for each chapter. This would eliminate repetition, for 
example, Table I on page 4 and a second Table I on 
page 83. 

In summary the monograph provides students, 
scientists, and practitioners of the medical and surgical 
branches with valuable and current information on 
an interesting and important subject. It is hoped that 
this book will greatly assist in the earlier recognition 
and treatment of patients with cancer of the lung. 

—Earl B. Sanborn. 


THE NEWEST FASCICLE of the Atlas of Tumor Pathology’ 
deals with hydatidiform moles and the vexing problem 
of choriocarcinoma. It is written by Arthur Hertig, 
Shattuck Professor of Pathology at Harvard Univer- 
sity, and his associate, Hazel Mansell. Professor Her- 
tig has had a deep interest in these tumors for a long 
time, has made many important contributions to our 
understanding of them, and has probably seen more 
of them than most people. Since he is also a gynecol- 
ogist of large experience he considers his topic from a 
clinical-pathologic point of view. 

The authors discuss the mechanism of formation of 
hydatidiform mole and of the trophoblast in a most 
informative manner, and illustrate their points very 
clearly with a series of remarkable photographs of 
gross and microscopic preparations of normal and 
molar placentas. The collection and preparation of 
these specimens must have been a painstaking and 
laborious task but, as can be seen, a very fruitful one. 

The authors suggest a new grouping of the moles 
into apparently benign moles, potentially malignant 
moles, and apparently malignant moles, and illustrate 
the various diagnostic criteria for each. The fascicle 
gives the best account of these tumors and of their 
pathogenesis that I know of. It will probably remain 
authoritative for a long time and we are all indebted 
to the authors for having taken the time and trouble 
to prepare it. — William B. Wartman. 


THE LONG ANTICIPATED SECOND EDITION of the Hand- 
book of Medical Library Practice is a publication of 
which the Medical Library Association as well as the 
contributing authors and editors may well be proud. 
Thirteen medical librarians have written the chapters 
which make up this volume; and these chapters have 
been co-ordinated under the editorship of Janet Doe 
of the New York Academy of Medicine and Mary 
Louise Marshall of the Rudolph Matas Medical Li- 
brary of Tulane University. Although intended as a 
reference work which would serve the needs of a med- 


3ATLas oF Tumor Patuotocy. Section IX—Fascicle 33, 
Tumors OF THE FEMALE SEx Oraans. Part I, HyDATIDIFORM MOLE 
AND Cuorrocarcinoma. By Arthur T. Hertig, M.D., and Hazel 
Mansell, M.B., B.S. Published by the Armed Forces Institute of 
Pathology. Under the Auspices of the Subcommittee on On- 
cology of the Committee on Pathology of the National Research 
Council. 64 pages, 65 illustrations. $1.00. Washington, D.C.: 
Armed Forces Institute of Pathology, 1956. 

4HANDBOOK OF MeEpicat Liprary Practice. Medical Library 
Association. With a bibliography of the reference works and 
histories in medicine and the allied sciences. Janet Doe and 
Mary Louise Marshall, Editors. 2nd rev. and enlarged ed. 601 
pages. $10.00. Chicago: American Library Association, 1956. 
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ical librarian whether he has little or extensive expe- 
rience, it likewise furnishes satisfying leisure reading 
to anyone engaged in this work. To read page after 
page and feel that each author has developed his sub- 
ject effectively, interestingly, and, in many instances, 
delightfully is indeed a pleasure. The well integrated 
index makes the volume exceedingly valuable as a ref- 
erence work. 

The physician who serves on a library committee 
will find the volume interesting for bedside reading or 
helpful in solving the library administrative problems 
which may come to his attention. He may wish to 
have specific information about the library budget or 
the insuring of a book collection. The index (pages 
539-601) will point to the solution of these problems. 
He may wish information about the classification used 
by the librarian in the library in which he is inter- 
ested, or concerning the ways and means by which 
nonbook materials may be acquired and stored. Again 
he may have a special interest in rare books and the 
history of medicine. Perhaps he was at ane time an 
associate member of the Medical Library Association. 
He will be glad to learn through the Handbook of the 
present organization and activities of the Association. 

Medical men will find the section of the book de- 
voted to bibliography of service to them also. This di- 
vision consists of an annotated bibliography of more 
than 2,000 references, occupying 188 consecutive 
pages, the references being grouped under 115 head- 
ings. The authors of this section submit the following 
introductory statement: ‘““The objective of this list is 
to introduce the reference material in medicine and 
the related sciences to medical, dental, and pharma- 
ceutical librarians, physicians, investigators and stu- 
dents of medicine, nurses, pharmacists, medical tech- 
nicians and any other groups who are engaged, di- 
rectly or indirectly, in medicine and its auxiliary sci- 
ences, as well as to library school students planning to 
become medical librarians. In determining the content 
of the list, the compilers felt that it should not be di- 
rected to any particular type or size of medical library. 
Much important investigation is being done today in 
comparatively small centers. Such institutions often 
rely on interlibrary loans and photo reproduction 
services which can make material available to those 
who know what to request. A knowledge of reference 
works, therefore, is important to all librarians, and a 
well selected collection of bibliographic tools is essen- 
tial for the small library which is dependent on loans. 
Since the librarian or scientist working in a small in- 
stitution this year may join the staff of a large one next 
year, the compilers assumed that extensive knowledge 
of existing works is essential for all members of the 
profession. 

“Selection has been made primarily on the basis of 
whether a given work has reference significance. The 
definition of ‘reference works’ established by Isadore 
Gilbert Mudge and repeated by Constance M. Win- 
chell in various editions of the Guide to Reference Books 
has been followed: books which are not ‘meant to be 
read through’ but ‘which are meant to be consulted or 
referred to for some definite piece of information.’ ”’ 

The compilers have indicated by stars and double 
stars reference works which most libraries would con- 
sider desirable and those which would be considered 


essential. At the same time the authors indicate that 
the list is in no sense an acquisition list, but rather is 
it intended “‘to present a fairly wide selection of the 
existing reference works for medicine and its related 
fields.” 

The format of the publication is pleasing. The paper 
and print are of a high grade. Each chapter contains 
a list of pertinent references. The references are listed 
by author in the index as are the more than 2,000 ref- 
erence works included in the bibliography. Integrated 
with these are the listings of the subjects discussed in 
the text. Variations in type make clear the fact that 
one number pertains to a specific page, another to an 
entry in the chapter on bibliography. It is possible to 
publish this very complete and helpful reference work 
at the price listed only because the cost is in part 
underwritten by the Medical Library Association. 

This handbook, with its excellent chapters on li- 
brary administration and techniques as applied to the 
medical library field, is an essential for the medical 
librarian and the library school. However, it also has 
much to offer the surgeon and internist whose activi- 
ties and interests are inevitably tied to the medical 
literature of both past and present, and who can look 
to this volume for reference assistance and for informa- 
tive leisure reading. The wide scope of the publica- 
tion, the comprehensive detail, and the pleasing pres- 
entation make this an outstanding contribution to li- 
brarianship and to scholarship in general. 

—L. Margueriete Prime. 


THE CONTENTS OF THE BOOK entitled Mechanisms of 
Congenital Malformation® constitute the proceedings of 
the Second Scientific Conference (1954) held under 
the auspices of the Association for the Aid of Crippled 
Children. In that meeting the Association sought to 
provide only enough formal organization to allow ad- 
equate preparation on the part of the invited partici- 
pants and an appropriate arrangement of topics. It 
was a laying down of the broad aspects of the problems 
on which the Association hopes to co-ordinate its re- 
search activities. The distinguished members of the 
conference represented England, Wales, Scotland, Ire- 
land, Scandinavia, and the United States. 

In part 1 there is a lively discussion between genet- 
icists, physiologists, and obstetricians on the matters of 
the physical, chemical, and sociologic aspects of fetal 
development. In their discussion of the complex inter- 
relationships of heredity and physical and social envi- 
ronment it is pointed out that while the genes certainly 
do play an important part in the incidence of devel- 
opmental anomalies, their failure does not by any 
means account for all the defects. Small women, and 
those of the lower social classes, were found to produce 
the greatest number of anomalous births. The effects 
of disease or other stress in the pregnant woman, 
anoxia during pregnancy (as in placental defects) and 
during delivery, and direct birth trauma, all have an 
important role over and above the effect of the genes. 

5MECHANISMS OF CONGENITAL MALFORMATION. Proceedings of 
the Second Scientific Conference of the Association for the Aid 
of Crippled Children, June 15 and 16, 1954. Dr. S. R. M. Rey- 
nolds, Chairman. Harold Wolff, Editor. Editorial Committee: 
Dr. Joseph Dancis, Dr. S. R. M. Reynolds, and Dr. Clement A. 
Smith. 137 pages, 50 illustrations. $3.00. New York: Association 
for the Aid of Crippled Children, 1955. 
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Part 2 deals with the placental barrier and the appar- 
ent selective action it has in holding back certain sub- 
stances and permitting others to pass into the fetus. 
The complexity of this problem is realized when it is 
pointed out, for example, that various of the mammals, 
—so alike in other physiologic activity, show different 
degrees of placental permeability in the passage of 
antibodies from mother to fetus. Part 3 treats of the 
differentiation of the structure and function of fetal 
cells, and the capacity of those cells to be selective in 
the accumulation and transfer of materials and energy. 
As examples of these selective processes the blood- 
brain barrier, the fetal adrenal, and fetal respiration 
are discussed. It is pointed out that at all times the 
blood-brain barrier is not absolute, shutting out 
certain substances completely and permitting the free 
unimpeded passage of others, but rather that it has 
different rates varying between the two extremes. Using 
“tagged” molecules, it has been shown that with de- 
velopment the blood-brain barrier of the fetus increases 
in effectiveness, and the selectivity of the barrier con- 
tinues to increase after birth, in keeping with the long- 
continued development of the human brain. The ever- 
changing physiology, especially the permeability, of 
the human placenta, and the unreliable application of 
the results of research upon the permeability of animal 
membranes to the changing conditions of the human 
fetus have added much difficulty to the study. One 
area in which further investigation is needed is that 
of anoxia on the permeability of both placental and 
fetal tissues. The fetus is nicely sensitive to hormone 
action, not only to that of the mother, but also to that 
of its own developing glands. Especially is the role of 
the adrenal glands important to the later fetal devel- 
opment. There are some interesting theories pro- 
pounded, but none of the discussants was bold enough 
to say just what neurologic or other factors cause 
breathing to begin at birth. 

This is an altogether scholarly book, and succeeding 
publications of the series will be sought by embryolo- 
gists, physiologists, and practicing obstetricians. The 
book is well printed, contains many instructive illus- 
trations and charts, and is indexed in detail. 

— John Martin. 


PREPARED UNDER THE GENERAL EDITORSHIP of Carling, 
Windeyer, and Smithers, Practice in Radiotherapy® pro- 
vides a picture of radiotherapeutic practice in Great 
Britain today. Because of the growing co-operation 
between radiotherapists and their surgical and medi- 
cal colleagues, well represented in the group of more 
than sixty contributors to this volume, this compre- 
hensive presentation is probably more representative 
of radiotherapeutic principles and practices than 
could otherwise be offered. Freest possible interchange 
of ideas and closest practical collaboration with others 
working in associated fields is the prime requirement 
of the modern practice of radiotherapy as of any other 
medical specialty. The introduction of precision meth- 


6PracticE IN RADIOTHERAPY. Edited by Sir Ernest Rock 
Carling, LL.D., F.R.C.S., F.R.C.P., F.F.R., B. W. Windeyer, 
M.B., bs, D.Sc., F.R.C.S., F.R.A.C.S., F.F.R., and D. W. 
Smithers, M.D., F.R.C.P., F.F.R. 549 pages, 142 illustrations. 
$20.00. London: Butterworth & Co. (Publishers), Ltd.; St. 
Louis: The C. V. Mosby Co., 1955. 


ods in the therapeutic use of radium by Paterson, Par- 
ker, and their colleagues in Manchester, and the dis- 
semination of these methods throughout the world, 
have contributed mightily to the worldwide, great 
progress realized in radiotherapy in the last 20 years, 

Many details of technical management have been 
omitted from this text, a matter of regret, but under- 
standable in view of limited space. Those concerned 
with the details of technique of radiologic treatment 
must keep up with the very latest information pub- 
lished in the journals dealing with the subject. 

The growing importance of radiobiologic informa- 
tion in planning radiotherapy is more and more ap- 
preciated. The book is chiefly concerned with malig- 
nant disease, but radiotherapy for nonmalignant con- 
ditions is also discussed at some length. Most of the 
material in this work should be just as interesting to 
the surgeon and to the research worker as to the radi- 
ologist himself. Praise must be expressed for the ex- 
cellent index. — James T. Case. 


THE VOLUME ENTITLED Roentgen Interpretation of Frac- 
tures and Dislocations’ is a guide to the interpretation of 
fractures and dislocations in which radiographs have 
been replaced by drawings, making possible an anal- 
ysis of soft tissue alterations produced by trauma and 
which cannot be fully appreciated on conventional 
films. 

In approximately 250 pages, there is a brief but 
adequate coverage of: normal anatomic relationships; 
the more common fractures, where they occur, how 
they are produced, why the fragments assume certain 
positions; and what to do in order to achieve a satis- 
factory result. The authors include their estimate of the 
usual period of immobilization with emphasis on im- 
portant alignments to be restored or to be preserved in 
order to achieve generally accepted satisfactory re- 
duction. 

At the beginning of each section, general statements 
are offered to prepare the reader for the practical 
presentations which follow. The sections are divided 
anatomically and cover the extremities most thorough- 
ly, the spine, and the pelvis and ribs. The skull and 
facial bones are not covered. 

The book includes: bone age charts showing ossifi- 
cation centers, the x-ray appearance (reverse image) 
of the common appliances used in fracture fixation, 
and a few radiographs of internally fixed femoral 
neck fractures demonstrating good and poor results. 
Many pertinent bits of information are discussed 
throughout the book; to mention a few: ‘‘carrying 
angle,” Shenton’s line, weight-bearing lines, tuber 
angle, alignment of vertebrae, carpal bones, and axis 
of femoral neck and shaft. 

This book is written by a radiologist and an ortho- 
pedic surgeon and should be welcomed by trainees as 
well as experienced members of both these specialties. 
The general practitioner will find much to help him 
in the management of fractures and dislocations, both 
with regard to pitfalls to avoid, and the means to 
achieve functional results. _— William E. Bundesen. 


TROENTGEN INTERPRETATION OF FRACTURES AND DisLoca- 
tions. By Joseph Levitin, M.D., and Ben Colloff, M.D. 265 
pages, 258 illustrations. $7.75. Springfield, Ill.: Charles C 
Thomas, 1956. 





THE SURGEON’S LIBRARY - Reviews of New Books 525 


WritTEN BY J. E. Ash and Muriel Raum, published 
under the joint sponsorship of The American Academy 
of Ophthalmology and Otolaryngology, The Ameri- 
can Registry of Pathology, and The Armed Forces 
Institute of Pathology, An Atlas of Otolaryngic Path- 
ology’ represents a complete, written and pictorial des- 
cription of the pathology, both common and unu- 
sual, that might be found above the clavicle, exclud- 
ing the brain and spinal cord. 

The first 100 pages present the principles of general 
pathology. The remainder, 452 pages, is about equal- 
ly divided between the text which is concise and read- 
able and illustrations made up of photographs and 
photomicrographs. All illustrations are excellent, both 
in quality and selection. The usual and the unusual 
are depicted. The surgeon who is searching for com- 
plete and detailed information about a given condi- 
tion will want to consult other references, but this 
book is a good starting point. The beautiful illustra- 
tions, the inclusiveness of subject matter, and the form 
of presentation which makes the content easily acces- 
sible, all combine to form a most useful volume. 

—Louis T. Byars. 


THE SMALL VOLUME, Neural Control of the Pituitary 
Gland,® of less than 300 pages, is one of a series of pub- 
lications sponsored by the Physiological Society. It is 
intended not as an exhaustive review but rather as 
“a book which will be particularly useful for the ad- 
vanced student in physiology.” The author, in the 
preface, further states that he has attempted to pre- 
sent the more important literature, and points of view 
most likely to be found true in the light of future work. 
The author is an outstanding authority in the field. 
In this book he brings together a great deal of the 
scattered material very pertinent to much of the more 
recent work in neuroendocrine relations. This is par- 
ticularly true in regard to the hypophyseal portal 
system of vessels and the relationship between the cen- 
tral nervous system, the hypophysis, and various other 
endocrine glands, particularly the thyroid, adrenals, 
and gonads. 

This slim volume is one that all workers in these 
particular fields should possess, and it should be of 
great value particularly to one who has interest but 
who has been overwhelmed by the diverse sources of 
information and is unfamiliar with the circuitous 
paths of this increasingly important and complicated 
area. — Nicholas Wetzel. 


A SERIES OF 24 Essays written by 17 contributors is con- 
tained in the volume entitled Diagnosis and Treatment 
of Vascular Disorders.!° Some of the articles are excellent 


‘An AtLas oF OroLaryncic Patuotocy. By Colonel J. E. 
Ash, R.A. (ret’d), M.D., and Muriel Raum, M.D. 572 pages, 
2,024 figures on 420 plates, 2 color. $20.00 Published under the 
Joint Sponsorship of The American Academy of Ophthalmology 
and Otolaryngology, The American Registry of Pathology, and 
The Armed Forces Institute of Pathology. Washington, D.C.: 
American Registry of Pathology, 1956. 

_*NeuRAL ContROL oF THE PituiTary GLAND. By G. W. Har- 

ris, F.R.S., Sc.D., M.D. 298 pages, 54 illustrations. $6.75. Balti- 
more: The Williams & Wilkins Co.; London: Edward Arnold 
(Publishers) Ltd., 1955. 

DIAGNOSIS AND TREATMENT O¥ VASCULAR DisorDERS (ANGIOL- 
oGy). Edited by Saul S. Samuels, A.M., M.D., F.A.C.A., 
F.A.C.C. 621 pages, illustrated. $16.00. Baltimore: The Williams 
& Wilkins Co., 1956. 


reviews of our present knowledge of the subject: those 
of Shumacker and Lempke on cold injuries, of Sime- 
one on arterial injuries, of R. M. Goetz on Raynaud’s 
disease and erythromelalgia, and of George H. Yeager 
on embolism and thrombosis and the scalenus syn- 
drome deserve special mention. There is considerable 
overlap in the subject matter of other articles, which 
is probably unavoidable in a venture of this sort. 

The audience to which they are addressed is not 
clearly defined. Goetz’ description of his well-known 
plethysmographic technique is a delight to the student 
of vascular physiology but is not applicable or neces- 
sary for the evaluation of the peripheral vascular status 
of a patient. Other articles seem to be written at the 
level of the general practitioner. The article on angiog- 
raphy by F. B. Wagner is excellent but includes also 
discussions of angiocardiography and cerebral angiog- 
raphy which do not seem to be within the scope of 
this series of essays. Surgical indications are generally 
restricted and no techniques are described. Recent 
surgical advances in the direct approach to restora- 
tion of continuity are not emphasized. The book seems 
to be addressed to the “‘angiologist,” a specialist who, 
according to the preface, occupies himself with both 
the medical and surgical aspects of vascular disease. 
There can be no quarrel with such a concept except 
for the hope that the background, training, and acu- 
men of such an individual matches or even outmatches 
those of his medical or surgical confreres. It is not 
known how many years of basic medical and surgical 
training such a subspecialty requires. 

—Geza de Takats. 


NINE HUNDRED AND FIFTEEN PAGES comprise the vol- 
ume entitled Fractures of the Facial Skeleton," which con- 
tains ‘“‘a review of 500 cases, of fractures of the facial 
skeleton,” in which the authors state: ““We felt that 
it would be preferable to include too much data rather 
than too little, and to leave it to the individual reader 
to select for his special attention that particular aspect 
of the subject in which he was particularly interested.” 

From a reviewer’s standpoint the above statement 
will have to be upheld, because a critical review of the 
915 pages would be attained at very long last. 

The volume is profusely illustrated with photo- 
graphs, roentgenograms, and diagrams—so many, 
that the foreword states “that the illustration might 
be less lavish.” 

Ninety-four different causes of fractures are listed; 
the surgical anatomy and the authors’ methods of 

reatment are discussed. 

Their methods of treating mandibular fractures are: 
interdental eyelet wiring, arch wiring, cap splints, 
Gunning type splints, interosseous wiring, and extra 
skeletal fixation. It is interesting that no word of di- 
rection is included about internal wire pins for either 
the lower or middle thirds, and they state that this, 
and other methods, “have not been employed to any 
great extent in the practice of this hospital.” 

UFRACTURES OF THE FactAL SKELETON. By N. L. Rowe, 
*.D.S.R.C.S. (Eng.), L.R.C.P. (Lond.), M.R.C.S. (Eng.), 
Pre rt (Lond.}, H.D.D.R.C.S. (Edin.), and H. C. reat 
.D.S. ; 
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S.A. (Lond.), H.D.D.R.C.S. (Edin.). With a foreword 
Reginald Watson-Jones. 923 pages 1,231 illustrations, 14 
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There is a long bibliography: 40 per cent of surgi- 
cal and 56 per cent of dental journal origin, 4 per cent 
is of radiology, anesthesia, eye, laryngology, military, 
and neurologic subjects. Forty per cent of the refer- 
ences are based on World War I data, or still earlier, 
or up to World War II. The authors, modestly, in- 
cluded only 2 of their own publications in the bibliog- 
raphy, which is a deviation from the usual tendency. 

There are long descriptions of organization of serv- 
ices and added chapters based on work of specialists in 
the fields of plastic surgery, anesthesia, radiography, 
neurology, eye, and on the historical background of 
maxillofacial injuries. Damage to the facial nerve is 
mentioned only in three short paragraphs and some 
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points of special interest to various workers in the field 
are lacking. As far as the effort is concerned of putting 
down their own observations for the use of any who 
wish to study them, along with observations of their 
associates in allied fields, the volume is a ‘‘monumen. 
tal” effort, as stated in the foreword by Watson-Jones, 
Each chapter has a number and this is put in be. 
fore each different illustration; for example, Figure 25, 
118 indicates that the illustration is the 118th in chap. 
ter 25. This method of numbering illustrations would 
seem to be an easy way of arranging illustrations for 
different chapters and for ease of preparing secondary 
editions, and also when chapters are written by vari- 
ous authors. — James Barrett Brown. 
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significant side effects were noted, and the 
investigators report two beneficial effects: potentiation 
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